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There is a growing tendency in modern medicine to rely on accessory 
methods and tests for clinical information, though nothing can really take the 
place of accurate observation and experience. It is the purpose of this paper 
to add yet another investigation to clinical science, but it is done to further the 
understanding of certain cardiovascular conditions and not to supplant the 
present methods of examination. 

Numerous methods have been employed in the study of the peripheral 
circulation. In animal experiments the stromuhr is a familiar instrument, and 
by this means much interesting information has been obtained and many 
fundamental physiological facts have been established. 

A more recent method of Rein (1928) involves the installation of a thermo- 
electric couple unit on the vessel wall. It consists of a pair of copper-constantin 
junctions between which is a heating element—the proximal at blood tempera- 
ture and the distal at a higher temperature because of the warming effect of 
the heating element. This difference in temperature creates an electrical 
potential, which is recorded on a galvanometer, and the faster the blood flows 
past the point of heat application, the less heat it will acquire and the shorter 
will be the excursion of the galvanometer. Thus, after calibration, the deflection 
of the galvanometer will be a measure of the rate of blood flow. This method 
was improved upon by Herrick, Essex, Baldes, and Mann (1936), so that it is 
now applicable even to the coronary circulation. 

Plethysmography has added much to the physiology of the circulation. In 
principle it depends upon the alteration of volume with changes in its blood 
content. Much apparatus has been devised for purposes of recording, at first 
of a simple type such as the Marey tambour or piston recorder, and later more 
refined optical and photographic methods. Goetz (1939) and Matthes (1935) 
transmitted the volumetric fluctuations to a graduated pipette or capillary tube, 
while Baldes and Corbeille (1928-9) and Bolton, Carmichael, and Stiirup (1936) 
converted the volume changes to pressure changes by means of a water or 
membrane manometer. Sir Thomas Lewis has employed plethysmography to 
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its best advantage, and to him we owe much of our knowledge concerning the 
physiology and pathology of the peripheral circulation. However, this method 
involves many technical difficulties, and the apparatus is bulky and inconvenient 
for routine or emergency investigation in the clinical wards. There is also a 
great deal of controversy over the interpretation of the results (Goetz, 1939), 
owing to possible errors inherent in the instrument itself and lack of detail in 
the records obtained. 


METHOD OF INVESTIGATION 


A more direct approach to the study of the peripheral circulation may be 
made by transillumination of the vascular bed, either by directly transmitted light 
or by reflected light that has penetrated the skin’s surface. The intensity of the 
emergent beam will be found to fluctuate, paralleling in time and quantity the 
ebb and flow of blood circulating through the transilluminated tissue. These 
rhythmical changes are converted into electrical energy by a photo-electric 
cell. In turn, a capacity-coupled amplifier transforms the current so produced 
into potential energy which is recorded on an ordinary electrocardiograph. 

Fig. 1 shows the actual apparatus, consisting of a standard model electro- 





Fic. 1.—Combined electrocardiograph and tissue circulation recorder. 
A is shown in more detail in Fig. 3, and the amplifier panel board (here shown in front 
is given in more detail in Fig. 6. 
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cardiograph, amplifier, and battery, all mounted on a portable oak frame. It 
was found best to power the entire apparatus by a 12-volt battery, as this 
eliminated the need for long leads, avoided the possibility of a fluctuating and 
irregular mains supply, and enabled the entire apparatus to be shielded against 
electrical interference. 

The unit for transillumination of the fingers or toes is shown in Fig. 2. The 
source of light is a focusing lamp with two thirds of the sphere silvered to 
provide a reflecting surface. The light is thus concentrated on the tissues and 
provides a maximum of light with a minimum of heat. 
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Fic. 2.—The photo-electric cell unit. 


L, lamp ; R, ratchet device ; D, iris diaphragm ; and B, metal box housing the photo- 
electric cell. 


The aperture in the iris diaphragm controls the amount of light that is 
allowed to fall on the photo-electric cell mounted beneath. The object to be 
transilluminated is placed over the aperture and the distance of the light source 
is regulated by the ratchet mounting device. The intensity of the light is 
adjusted by a variable resistance which is mounted in the electrocardiograph 
chassis (Fig. 3). 

The Photo-electric Cell—This is of the photo-emissive selenium type, 
No. PE 7B (B.T.H.). It is mounted by means of a four-pin holder on a 
wooden block, which in turn is fastened securely to the lid of the metal box. 
The inside of the container is painted black to minimize the possibility of 
extraneous light falling on the sensitive cell. The shielded lead from the cell, 
together with the flex lead to the lamp, is encased in rubber tubing to be 
conducted to the instrument proper. 

It is of the utmost importance to realize that any abnormalities in this part 
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Fic. 3.—Panel mounting in electrocardiograph chassis. 
P, panel ; V, variable resistance control ; and S, lamp socket. 


of the apparatus will be amplified several thousand times and result in extreme 
distortion of the subsequent records. Thus all precautions must be taken 
towards adequate insulation and shielding. 

The Amplifier —The actual circuit of the amplifier is presented in Fig. 4 
(on the opposite page). Its components are standard materials and its con- 
struction involves no technical difficulties. However, the values throughout 
the circuit are very essential and must be strictly adhered to. While an 
amplifier cannot create new wave forms, it can distort those already present. 

A few of the different complexes obtainable simply by varying the values 
in the amplifier circuit are shown in Fig. 5, and this emphasizes the need for 
maintaining the exact standards suggested. Previous methods employed by 
Hertzmann (1937) and by Matthes and Hauss (1938) further illustrate this point. 
It was thus necessary to search for a means of testing the accuracy of the 
wave-forms as they were translated by the amplifier. Since the rate, rhythm, 
and amplitude of an electrocardiogram coincides to a great extent with the 
wave forms of tissue circulation, it was decided to make this the criterion of 
accuracy of the amplifier unit. The method used was as follows: A normal 
electrocardiogram is taken. The amplifier is then introduced into the circuit 
and the string is accordingly tightened to compensate for the increased swing 
of the galvanometer. The artifact due to the momentum of the galvanometer 
string when swinging in a wide amplitude was thus avoided. The values in 
both the input and output circuits of the amplifier were then altered in the 
direction minimizing distortion. The circuit described here gives an almost 
identical image of the original cardiogram. 
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Fic. 4.—The combined electrical circuit of amplifier (above) and photometer (below). The 
values throughout the circuit are very essential and must be adhered to strictly. 





Fic. 5.—The wave-form distortion produced by altering the amplifier values. 


The greater the intensity of the light transilluminating the vascular bed, 
the greater will be the resultant fluctuations and hence the amplitudes of the 
wave-forms recorded. The other factor controlling this feature of the wave 
form is the force of the heart beat. Thus, if one could standardize the amount 
of light actually transilluminating every vascular bed, one could interpret the 
amplitude of each complex in terms of heart force. Now in transilluminating, 
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say, a finger-tip, the light has to pass through skin, fat, fascia, vessels, nerves, 
and bone. All of these, excepting the vessels with their rhythmical alteration 
in blood content, are constants throughout the period of record taking, but 
vary from individual to individual. Thus by constructing a direct current 
photometer recording on a milliammeter, the intensity of the light may be 
altered so that the same quantity of filtrate is obtained in every case. This 
amount was decided upon arbitrarily, but with the following provision. There 
is a tendency for the lamp to become quite warm, and owing to its proximity 
to the tissues to heat them in turn, so that a local vasodilatation results which 
is pure artifact. To reduce this difficulty, a focusing light described above was 
used, and before the standard quantity of light was chosen a series of tests was 
performed with a thermometer in position over the iris diaphragm. However, 
there have been occasional cases, especially those in which peripheral vascular 
disease was present, when an increased amount of light was necessary, and 
reflected light from a mirror had to be used in these to avoid local heating. 
The electrical circuit for this photometer unit has been shown in the lower 
half of Fig. 4. The arrangement of the various components of the amplifier 
panel board is indicated in Fig. 6. 
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Fic. 6.—The amplifier panel board. 
P, pilot light ; M, milliammeter ; T, test button ; V,, variable resistance photometer 
circuit ; V., variable resistance amplifier circuit ; I.P., input plug ; O.P., output 
plug ; S, shunt switch ; and O.S., on-off switches. 
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Method of taking the Records 


The procedure for taking records is first to carry out the light calibration. 
The photometer circuit is switched on and, by means of the variable resistance 
control, a constant current of one milliampere isemployed. The light and photo- 
electric cell are then brought into the circuit with the tissue to be transilluminated 
in position. The intensity of the light, the position of the lamp, and the size 
of the aperture in the diaphragm are altered to suit the designated standard that 
is specific for each instrument. The photometer is then switched off and the 
amplifier turned on. The amplifier has in its circuit a standard cell system, 
similar to that employed for adjusting the tension of the galvanometer string 
in the electrocardiograph, and so the same amplification is always obtained. 
The lead from the amplifier is inserted into the socket for the cardiographic 
leads, and the procedure from here is the same as for an ordinary electro- 
cardiogram. A protective shunt is incorporated in the amplifier unit to prevent 
excessive deflection of the galvanometer string during the preliminary adjust- 
ments. 


RESULTS OBTAINED 


Illustrations of the tissue circulation records obtained in normal subjects 
and in several pathological states follow. Each normal complex consists of 
a major systolic wave followed by a secondary diastolic wave (Fig. 7 A). In 
a continuous record sinus arhythmia may be observed, and this is apparent, 
not only as a change in the rate of the heart, but also as a corresponding 
change in the force of the heart, which is manifested by alteration in the 
height of the systolic waves. This is illustrated in Fig. 10 also. 

Fig. 7 B shows the effect of excitement and moderate exercise on the normal 








A B 


(B) Record after exercise. 





Fic. 7.—(A) Normal tissue circulation record. 
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wave-forms. The heights of both the systolic and diastolic waves are increased, 
and a third wave makes its appearance in the presystolic period. 

Fig. 8 A was obtained after holding the breath for forty-five seconds. It is 
interesting to see that the diastolic wave still maintains its force in spite of a 
weakened systolic beat. 

Vasodilatation had a marked effect on the tissue circulation record. Amyl 
nitrite was inhaled and after three minutes Fig. 8 B was taken. There was 
a great increase in the wave excursions, especially the diastolic one, as there was 
after exercise. 

A normal hand was bathed in water at a temperature of 60° C. and Fig. 8 C 
taken. The vasodilatation was not nearly so marked as in the previous 
record. 





A B c 


Fic. 8.—(A) Tissue circulation record in asphyxia. (B) Record after amyl nitrite. 
(C) Record after vasodilatation due to application of local heat. 


Pulsus Bigeminus, Pulsus Alternans, and Pulsus Paradoxus.—Several varieties 
of pulse rhythm have been recorded. A curve of a typical pulsus bigeminus, 





Fic. 9.—Tissue circulation record of pulsus bigeminus. 
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from a case of digitalis poisoning, shows that the normal beat and extrasystole 
are coupled and that the extrasystole is a weaker beat (Fig. 9). 
An early pulsus alternans is seen in Fig. 10, taken from a case of acute 
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Fic. 10.—Tissue circulation record of pulsus alternans. 


rheumatic heart disease. Actually in this record the weaker beat is not 
linked with the succeeding stronger one, but the variation in force between 
the beats is only 25 mm. mercury. 

Pulsus paradoxus from a case of constrictive pericarditis is shown in Fig. 11 ; 





Fic. 11.—Tissue circulation record of pulsus paradoxus. 


the weak beat always coincided with the height of inspiration. This is evidence 
of a constrictive band of fibrous tissue at the base of the heart interfering with 
its adequate filling during this phase of respiration. 

Aortic Regurgitation—A typical Corrigan or water-hammer pulse is 
illustrated in Fig. 12, taken from a patient with aortic regurgitation and an 
aneurysm. The mathematical equation for this wave-form is— 


d? log y 
dx? 





=1—y where Y max =2. 


It is hoped that in a subsequent paper formule may be evolved for the other 
records, by which it may be possible to estimate the relative efficiency at which 
the heart is performing in the different lesions affecting it. Noteworthy in this 
record is the presence of sinus arhythmia affecting heart force as well as rate. 
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Fic. 12.—Tissue circulation record of a Corrigan pulse. 


Auricular Fibrillation —Fig. 13 is from a patient with auricular fibrillation ; 


> 


the inconstant heart force is observed as well as the irregular rate. The longer 
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Fic. 13.—Tissue circulation record of auricular fibrillation. 


the interval, the stronger the subsequent beat. This patient had a pulse 
deficiency at the radial artery of 20 beats per minute, but all the beats were 
readily picked up in the tissue circulation record by transilluminating the thumb. 

Myocardial Failure—In cases of myocardial degeneration with congestive 
failure, records such as Fig. 14 are obtained. Here there is normal rate and 
rhythm, but irregularity in the heart force and absence of a diastolic wave. 
This absence is seen again in Fig. 15, from a patient admitted in a state of 
collapse, with a diagnosis of coronary thrombosis. 





Fic. 14.—Tissue circulation record from a case of congestive failure. 
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Fic. 15.—Tissue circulation record from a patient with coronary thrombosis (A) and leads I, 
II, and III of the electrocardiogram. 


Fig. 16 is a tissue circulation record (A) and electrocardiogram of a 
patient with bradycardia due to heart block. The pulse was slow and 
sustained. His record shows a plateau-topped systolic impulse, but no 
diastolic wave. 





II Il 


Fic. 16.—Tissue circulation record and leads I, II, and III of the electrocardiogram from 
a patient with complete heart block. 


Peripheral Vascular Disease.—Fig. 17, obtained by transilluminating a 
finger, the tip of the left hallux, and the right hallux, illustrates the different 
states of tissue circulation in a man who suffered from obliterative peripheral 
vascular disease. There were no symptoms in the arms, and the left leg was 
considered normal, but the right foot was in a state of early dry gangrene. 
Comparison of the records shows that the left foot was only just on the threshold 
of normality and suggests that unless an adequate regime of treatment should 
be instituted, it too would become gangrenous. 

The “* Pavaex ” glass boot has been recommended as an aid to establishing 
some collateral circulation. Fig. 18 A is a record from the base of a toe that 

















BERNARD LEIBEL 





A B Cc 
Fic. 17.—Tissue circulation record from a patient with peripheral vascular disease. 
(A) From finger. (B) From left hallux. (C) From right hallux. 


was involved in senile gangrene. The boot was applied for a period of three 
hours and Fig. 18 B indicates the state of the circulation two and a half hours 
after its installation, and Fig. 18 C six hours after it had been removed. 
Fifteen hours later Fig. 18 D was taken and shows that the improvement was 
not maintained. 


\ nied 





A B C D 


Fic. 18.—Records showing the effect of the ‘* Pavaex glass boot” in producing temporary 
improvement in the circulation. 


(A) Before treatment ; (B) during treatment ; (C) six hours after ; and (D) fifteen 
hours after treatment. 


Measurement of Pulse Velocity—By superimposing a normal electro- 
cardiogram on a tissue circulation record, one can accurately time the interval 
between the electrical response of the apex beat and the appearance of the 
pulse in the tissues. This is done by joining the amplifier lead with that from 
the electrodes on the limbs, and thus a wave-form is obtained which is the 
resultant of the two sets of records ; an example is shown in Fig. 19. While 
the detail of these forms is now masked, the apex of the R wave of the QRS 
complex is clearly visible, as is the apex (A) of the systolic wave of the circula- 
tion record. This R-A interval can be measured in the same way as one 
would measure a P-R interval in the cardiogram. 
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Fic. 19.—Record showing the time of the impulse conduction from apex to tissues. 


It is hoped that in the near future it will be possible to publish separate 
papers with clinical details on some of the records that have been taken. In 
the meantime, these records have been presented to illustrate the possibilities 
of the instrument described and to serve as a guide to others who may carry 
out their own investigations. 


SUMMARY AND CONCLUSIONS 


1. An instrument for recording vascular changes in the tissues of the 
extremities and of the body surface has been described. Calibration has been 
made possible by the introduction of a photometer circuit; results are therefore 
both qualitative and quantitative. In addition an accurate estimation of the 
pulse velocity may be made by superimposing the electrocardiogram on the 
tissue circulation record. 

2. The amplifier circuit described is relatively free from electrical distortion 
and mechanical and physical artifact have been controlled by adequate insula- 
tion. The instrument is self-contained and readily portable, and records may 
be taken without any previous preparation of the patient. 

3. A series of typical records has been presented and briefly described. 
Some of these illustrate physiological reactions to different stimuli, such as heat, 
excitement, asphyxia, and vasodilatation after amyl nitrite inhalation. The 
remainder of the records were obtained from cases of certain cardiovascular 
conditions. Examples of pulsus bigeminus, pulsus paradoxus, pulsus alternans, 
and the Corrigan pulse have been illustrated. Comparative estimation of the 
circulation in each of the limbs of a patient suffering from peripheral vascular 
disease has been included and the effect of the ** Pavaex glass boot ” has been 
demonstrated. 
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REGENERATION IN CARDIAC MUSCLE 


BY 
E. S. J.. KING 
From the Department of Pathology, University of Melbourne, Australia 


Received December 3, 1939 


Proliferation of striated muscle, either in the form of regeneration of 
damaged tissue or hyperplasia of relatively normal cells, is generally thought 
not to occur. Such an opinion is an example of the general idea that more 
** specialized *’ tissues differ from less “‘ differentiated ” tissues in that they are 
unable to multiply in adult life. 

This proposition, however, has gradually become more and more untenable 
during the past fifty years. At an early stage in the development of microscopy 
the capability of various forms of epithelium—skin, alimentary canal, etc.— 
for proliferation was appreciated. For some time such capacity was denied 
the more “ specialized” epithelia such as the liver and renal cells. When 
hepatic and renal proliferation was at last recognized, the original view was 
still applied to other tissues, notably muscular and nervous cells. 

Whether one regards a mucous cell of the intestine as being more differ- 
entiated than a fibrous tissue cell and less differentiated than a liver cell is 
purely a question of the point of view from which it is considered. The 
intestinal cell cannot, or in ordinary circumstances does not, produce collagen 
fibres, nor the liver cell mucin. Apart from this question and the presumed 
inverse capacity for proliferation, there is no doubt that certain cells may be 
observed to multiply more often than others. This has been recognized from 
the earliest days of histological study, but though many cells were thought not 
to multiply at all, it is now known that, to some extent, they do. 

Regarding muscle cells, hyperplasia of smooth muscle was the first observed. 
More recently, regeneration of voluntary muscle, both naturally and experi- 
mentally, has been described, but knowledge of such changes in heart muscle 
has lagged behind. 


HISTORICAL 


The question of regeneration of cardiac muscle fibres has often been dis- 
cussed in the last eighty years. The earliest writers—KGlliker (1852), Friedreich 
(1855), Paget (1865), von Rokitansky (1856), and Rindfleisch (1867)—accepted 
without question the occurrence of hyperplasia. Lebert (1857), however, 
emphasized the absence of any direct histological demonstration. Goldenberg 
155 
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(1886) reviewed the previous reports and concluded that, though increase of 
cardiac tissue was largely by hypertrophy of muscle fibres, longitudinal splitting 
could occur. Zielonko (1875), from observations on the hearts of frogs and 
rabbits, thought that hyperplasia of cells took place. 

Tangl (1889) and Wideréde (1911), and, more recently, Kaufmann (1928), 
Aschoff (1936), and Ménckeberg (1924) attributed all enlargement of the heart 
to hypertrophy of fibres without hyperplasia. They based their views mainly 
on the absence of mitotic figures. On the other hand, Ziegler (1889), Adami 
and Nicholls (1909), Saltykow (1905), Heller (1913), and Réssle (1923) main- 
tained the probability of hyperplasia, but did not produce incontrovertible 
evidence of this. Counts and measurements of muscle fibres, however, made 
by Collier (1922) and Karsner et a/. (1925) suggested that not only hypertrophy 
but also hyperplasia occurred. 

Thus opinion was divided, and MacMahon (1937), reviewing the position 
recently, indicated that, since increase in fibres—probably by splitting—had 
been accepted by many writers, the principal difficulty was failure to demon- 
strate mitotic figures in muscle nuclei. He described cases in which such had 
been observed, and the illustrations leave little room for doubt regarding their 
occurrence in heart muscle of children. 

Most of the material that has been studied was heart muscle obtained from 
various forms of toxic or inflammatory diseases of the myocardium. The 
muscle changes after injury have been reviewed by Hesse and Hesse (1924) and 
by Klose (1923). There is the same uncertainty in such cases, though the 
evidence appears somewhat to favour the occurrence of hyperplasia of muscle 
cells. 


PATHOLOGICAL MATERIAL 


The observations that form the basis of this paper were made on the 
heart muscle in the neighbourhood of a recent wound. 

A man, et. 19 years, received a penetrating knife wound of the chest, which 
caused a superficial injury to the anterior wall of the left ventricle. The heart 
was exposed and the wound sutured with silk. The patient recovered from the 
operation, but died from a streptococcal septicemia on the fourth day. 

A necropsy was performed six hours after death. There were small amounts 
of blood clot and of sero-purulent material in the anterior pericardial region; 
this was walled off by soft adhesions from the remainder of the pericardium 
which was unaffected. The lungs showed some patchy congestion and there 
was straw-coloured fluid in the left pleural cavity. There was congestion and 
toxic damage in the liver, kidneys, etc. 

Pieces of heart wall were removed from the seat of the injury ; it was healing 
well but could be recognized by the suture material used at operation. 

Microscopically, the muscle cells appeared normal, though striations were 
indefinite in some areas—attributed to post-mortem change and the general 
toxemia. Near the wound edge the muscle cells were separated from each 
other by fluid (cedema) (Figs. 1 and 2), and this made the examination of 
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Fic. 1.—Photomicrograph of muscle fibres near area of injury, cut in longitudinal section. The 
fibres are about half the thickness of those in neighbouring parts (cf. Figs. 3 and 4). 
Splitting of fibres may be seen, and they run, more or less, in pairs. Magnification x 350. 


. 





Fic. 2.—Photomicrograph of muscle fibres close to the injured area, cut in transverse section. 
Gan are very small, only about 7 in diameter (arrows). There is separation of some 
fibres by cedema and an absence of vessels in some of the groups of fibres. 350. 

M 
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individual fibres easier than usual. Immediately adjacent to the injured area 
the changes in the tissue were maximal. 

At the site of injury there were numerous wandering cells of various kinds 
and many fixed cells with larger nuclei and more voluminous protoplasm than 
similar cells elsewhere. Their number steadily diminished in the surrounding 
tissue until at a distance of about 0-5 cm. the number was minimal and corre- 
sponded to that observed elsewhere. The affected area was arbitrarily divided 
into three zones : a central one with the greatest damage and greatest accumula- 
tion of connective tissue cells, an intermediate one, and a peripheral one 
where such connective tissue changes were definite and in excess of any 
seen in the normal myocardium, but less developed than the other zones 
of activity. 

The muscle fibres in the intermediate—and to some extent in the peripheral 
—zone were much thinner than those elsewhere. They were arranged in pairs 
(Fig. 1) or in small groups (Fig. 2), sometimes separated from other similar 
groups, but at times in larger numbers due to the aggregation of smaller groups. 
Although blood capillaries were dilated and easily observed, these seemed to be 
fewer in proportion to muscle fibres than in other parts. These groups of small 
fibres were regarded as arising from the splitting of fibres. 

In or close to the central zone muscle fibres appeared to end, and in many 
there was degenerative change of a hyaline type in this area (Fig. 3). From 
the ends of such fibres masses of protoplasm containing a number of large 
vesicular nuclei were observed. This protoplasm in some parts showed 
striations. 

The nuclei in the fibres varied considerably in size, shape, and staining 
characters. In some of the cells there were double nuclei (Fig. 4). Many 
resembled the atypical nuclei seen in chronic myocarditis. A number of very 
irregular nuclei were found. Careful search of the fibres showed that in a 
number of them there were, replacing the nuclei, irregular masses of chromatin, 
deeply staining and consisting of an aggregation of small chromatin masses 
and rods (Fig. 5; at the top of p. 160). These appeared to be mitotic figures 
in various stages of evolution. 


DISCUSSION 


The case described was chosen partly because the local conditions seemed 
most suitable (as shown by the rapid proliferation of connective tissue and 
healing) for proliferative changes in the muscle, and also because such 
proliferation might be expected more readily in a young than an old 
subject. 

The muscle changes found were of two sorts : 

1. Those involving the whole muscle fibre—(a) splitting of the fibres, 
and (5) outgrowths in the neighbourhood of damaged tissue. 
2. Those affecting the nuclei—(a) the presence of double nuclei, and 
(b) the presence of mitotic figures. 
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Fic. 3.—Photomicrograph of a section through the end of damaged fibres (showing some 
degenerative change), in which outgrowth of new fibres is occurring. 0. 
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Fic. 4.—Photomicrograph through an area adjacent to the wound showing double nuclei 
(arrows). 350. 
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Fic. 5 (A).—Photomicrograph of muscle near the injured area showing a mitotic figure. 
< 350. (B).—The same, cut in cross section. x 350. 


1. (a) In cardiac muscle where fibres are of unequal size and where anastom- 
osis of fibres is common, proof of splitting of these fibres is not easy to obtain. 
However, the fibres in the neighbourhood of the affected area may be compared 
with those in other parts. Two observations seem to be of importance in this 
regard. 

Firstly, many of the fibres in the healing area are smaller than those in other 
parts. When cut in longitudinal sections they can be seen to run for some 
distance in pairs (Fig. 1), and in transverse sections the division of the fibre 
into a number of components can be seen (Fig. 2). Such appearances, of course 
may be found in other parts of the heart, but in the affected zone the smal 
fibres can be seen to be much smaller than those in other areas ; in some case 
they are about 7 » in diameter. The way in which the fibres split is shown i 
the diagrams in Figs. 6 and 7. This is, of course, hypothetical, but was draw: 
from different sections and shows the way in which a fibre may separate int: 
component parts, and because of the small size of the fibre was assumed to b« 
occurring at the time of death. It will be seen that the new fibres are forme: 
by separation of groups of Cohnheim’s areas. 
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Secondly, in the normal heart it is easy to demonstrate that there is one 
capillary for each muscle fibre, but in the affected tissue, although this was not 
proved by injection of the vessels, such vessels did not appear to be so numerous, 
and indeed there seemed to be only about half the number of vessels to the same 
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Fic. 6.—Diagram to show the probable method of formaticn of the new fibres (cf. Fig. 1). 
Note the relationship of capillaries to fibres. 





Fic. 7.—Diagram to show the stages of division of muscle fibres, as seen in cross section 
icf. Fig. 2). Serial sections through normal tissue will show a similar, though less 
developed, arrangement at sites of division of fibres. 


number of muscle fibres. This arrangement and its mode of development is 
shown diagrammatically in Fig. 6. 

(6) In the neighbourhood of damaged muscle tissue there are a large number 
of cells of different kinds, some wandering and some fixed, most of which are 
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of connective tissue origin. Some of these cells, recognized largely by the 
amount of protoplasm and also by its eosinophilic staining characters, have 
been regarded as arising from muscle cells. The protoplasmic outgrowths, 
however, from the ends of damaged muscle fibres, particularly since some of 
them show striations, seem to be attempts at formation of new muscle fibres 
(Fig. 3). 

2. (a) In a number of the fibres the nuclei are arranged in pairs ; these lie 
close together and overlapping, or side by side with their long axes parallel. 
These have been seen by many investigators and suggest multiplication of 
nuclei. However, double nuclei occur normally in Purkinje fibres, and one 
must exclude this possibility before it is assumed that they are in ordinary 
muscle fibres. This may be suggested by the absence of the other features of 
Purkinje fibres, but the more certain method is to compare the affected area 
with relatively normal tissue in the neighbourhood. When this is done it is 
found that the number of fibres containing double nuclei in the affected zone 
is greatly in excess of that in the neighbouring tissues. 

(b) Finally there is the question of mitotic figures. In a number of the 
cells the nucleus is found to consist of an aggregation of small irregular deeper 
staining chromatin masses, usually in the form of rods. This area is surrounded 
by a zone of paler staining protoplasm. In the material examined these mitotic 
figures were rather irregular and did not show the characteristic features—the 
aster, diaster, etc.—of normal mitosis. In addition, there were a large number 
of very irregular nuclei—irregular in contour and much more deeply staining 
than their neighbours—and though it is tempting to regard these as related 
to the mitotic figures, this could not be proved. They closely resemble 
the irregular nuclei observed in cases of cardiac hypertrophy and chronic 
myocarditis. 

Thus we have, in this damaged tissue, changes in the muscle cells which 
suggest that proliferation is taking place to some extent. There is indubitable 
evidence of nuclear activity, and the cells are undergoing hyperplasia in two 
ways—partly by protoplasmic outgrowths in the region of injury, and partly 
by splitting of fibres and the formation of new ones. 

It is not intended to suggest that such proliferation of muscle plays a pre- 
dominant part in the healing of an injured area ; there can be no doubt that 
healing occurs by connective tissue activity and the formation of a fibrous scar. 
It is merely intended to indicate that muscular hyperplasia, which is often 
considered to be absent, does occur to some variable extent. 


SUMMARY 


1. Examination of a recent heart wound in a young adult was undertaken 
to determine the possible presence of myocardial hyperplasia. 
2. This was demonstrated by : 
i. The splitting of the fibres—as indicated by the size and arrangement 
of the fibres and their relationship to the capillary vessels. 
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ii. Protoplasmic outgrowths from the ends of damaged fibres. 
iii. The presence of double nuclei in some fibres. 
iv. The presence of mitotic fibres. 
3. This does not, however, presuppose that such hyperplasia is responsible 
for the healing of wounds, which occurs by the usual connective tissue 
proliferation and by the formation of scar tissue. 
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EDITORIAL NOTE 


The general consensus of opinion is that hyperplasia of cardiac muscle does 
not take place. The subject was well reviewed by Karsner, Saphi, and Todd 
(1925) in adults and by McMahon (1937) in children. The editors have, 
however, decided to publish this paper as the subject’s death so soon after the 
injury to his heart provided an unusual opportunity of re-examining the ques- 
tion, and the author has presented the evidence for his point of view fairly and 
scientifically. None of the points on which he bases his opinion seems to the 
editors to be final or conclusive, and the question is complicated by the actual 
cause of death from septicemia, with the possibility of resultant changes in the 
nuclei. Thus the splitting of fibres and their apparent arrangement in pairs 
might possibly be an artefact ; the protoplasmic outgrowths and many of the 
changes seen in the nuclei might be the result of the infection and of degenera- 
tion ; the double nuclei might be Purkinje fibres (though the author considers 
this improbable) or might be due to the superimposition of two nuclei. It is 
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only fair to add that the author has considered these explanations and 
rejected them ; but the evidence seems inconclusive to the editors. 

The two conclusive pieces of evidence would be a cell count, which is 
admittedly very difficult in cardiac muscle, or the presence of mitotic figures. 
The author thinks these last were observed, but admits that they were atypical, 
and the picture of mitosis with its spindles and regular formation is very un- 
mistakable. Should a similar case occur with death resulting directly from the 
effects of the accident elsewhere without the complication of infection, an ideal 
opportunity of re-testing the question would be provided. 
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In Europe tuberculous pericarditis is uncommon as a primary clinical 
manifestation, even in the constrictive form that is suitable for operative treat- 
ment (White, 1937). Observation over fifteen years in the Non-European 
Hospital, Johannesburg, has shown that here it is not rare as a primary clinical 
entity. In this series of 31 cases some were of this type and some were only 
part of a generalized tuberculemia ; there were none of the healed constrictive 
type. 

The importance of the first type is that we have found it amenable to treat- 
ment. Unfortunately, Bantu patients are difficult to keep in hospital for 
long and almost impossible to follow up. 

Some fifteen years ago a case was seen with oedema of the left arm and 
of the face, without albuminuria. There was pyrexia, but no classical signs 
of heart failure. The increased area of cardiac dullness suggested a pericardial 
effusion and the pear-shaped shadow with an obtuse cardio-hepatic angle 
was confirmed by radioscopy. Repeated pericardial punctures found no 
fluid. Autopsy showed that the pericardial sac was occupied by caseous 
material of great thickness, the myocardium being reduced to a thin sheet. 
Other somewhat similar cases were seen ; a single puncture only was done 
in some and fluid was absent. In 1938 a number of such cases were seen by 
both of us, differing only in that many of them had effusions, so that confirm- 
ation of the diagnosis by direct and biological methods could be made. Few 
of these later cases showed what had been considered the cardinal clinical 
sign, viz. edema of the arm or face. 

They were generally admitted as cases of congestive heart failure. There 
was an intermittent, remittent, or irregular fever. The shape of the heart 
could generally be outlined at the bedside accurately enough to differentiate 
it from the heart of beri-beri or from rheumatic or syphilitic heart disease with 
failure. Rheumatic pericarditis with effusion is very rare in these people 
(though the dry variety is not uncommon), so the finding of a large “ peri- 
cardical-shaped heart” in a Bantu justifies a clinical diagnosis of tuberculous 
pericarditis, when rheumatic manifestations and evidence of mitral and aortic 
disease are absent. 

The area of cardiac dullness sometimes attained huge proportions and in 
one case extended almost from axilla to axilla and yielded over a pint of fluid on 
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aspiration. The heart sounds were usually muffled and murmurs were absent. 
In some cases a pericardial rub was heard. The pulse was generally rapid, 
90-120, and a pulsus paradoxus was occasionally present. Extrasystoles and 
fibrillation were rare. 

The signs in the lungs were generally those of congestion, and our series 
showed that the presence of pulmonary tuberculosis as a clinical entity was not 
necessary for the diagnosis of the condition. In the differential diagnosis the 
association of pulmonary tuberculosis and congestive heart failure should 
make one consider the question of tuberculous pericarditis. Pleural effusions 
were frequently found and were often bilateral. 

Symptoms were vague, as might be expected in a primitive people, not 
able to describe their feelings accurately. In some cases there was precordial 
pain, and abdominal pain was common and was usually localized to the right 
hypochondrium, due to the acutely tender liver of recent rapid cardiac failure. 
The other symptoms were those common to cardiac failure. 

Confirmation of the clinical diagnosis was often made at autopsy and in 
others by biological examination of the pericardial fluid. This fluid ‘was 
sometimes serous, but most often hemorrhagic. In several cases fluid could not 
be obtained and subsequent autopsy showed caseating material only. 

The radiographic findings confirmed the cardiac enlargement and showed an 
obtuse hepato-cardiac angle. A typical illustration is given in Fig. 1. In 





Fic. 1.—Routine teleradiogram showing the hydro-pneumo-pericardium. 
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three cases kymographic tracings were obtained by the courtesy of Dr. Weinbren 
and Dr. Meyer. One after pneumopericardium is shown in Fig. 2. It was 





Fic. 2.—A kymogram taken with a moving grid in one second. The cardiac pulsations in 
the portion surrounded by air are well marked. Note that the peaks on either side of the 
pericardium are not opposite each other. 


taken with a moving grid in one second. The long lines at the junction of 
air and fluid are due to splashing of the fluid. The cardiac pulsations in the 
portion surrounded by air are well marked, but below the level of the fluid 
they cannot be detected, either because of the density of the fluid or because 
the cardiac pulsation is damped down. In this case even if the cardiac pulsa- 
tions were not damped down by the fluid, the density of the fluid would still 
have obscured them. The thickened pericardium itself shows transmitted 
pulsation. The kymogram of another case is shown in Fig. 3, where the 
pericardial effusion has completely damped down the pulsations of the heart 
itself, 

In this series, dating 1925-1938, 31 cases were found in the records of the 
hospital, and of these 10 were seen in the first half of 1938. The cases diagnosed 
clinically were those with the picture described above. The others were part 
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Fic. 3.—A kymogram taken in inspiration. Pulsations can be detected in the great vessels. 
The pericardial effusion has completely damped down the pulsations of the heart itself. 


of a generalized tuberculosis and are included for the purposes of discussion 
as to the path of infection and pathological development of the condition. 
Some of the latter were of the adhesive type, but being part of a generalized 
tuberculemia were not referred to the surgeons. 


DESCRIPTION OF CASES 


The nature of the condition and its progress have been a source of con- 
jecture to some authors. In common with others, we believe that it begins 
acutely, then passes into a stage of effusion or caseation, and finally develops 
an adherent stage. 

For the purposes of description our series is divided into three groups : 

(1) Those with a normal area of cardiac dullness ; 
(2) Those with a greatly enlarged area of cardiac dullness ; and 
(3) Those passing through various stages of the condition. 
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(1) CASES WITH A NORMAL AREA OF CARDIAL DULLNESS 

This group comprises 9 cases with an adherent pericarditis, as a result of 
which there was obliteration of the pericardial sac. 

Sex and Age.—There were 6 males and 3 females. The age limits were 
between 15 and 76 years. 

Histories.—These varied, particularly in regard to the patients’ chief symptom. 
There was a cough in all cases, but only once an hemoptysis. The other 
symptoms were chest pain, frequently over the precordium (4),* breathlessness 
(2), edema of the legs (2), and a generalized edema, involving the face, arms, 
and legs (1) ; abdominal pain, usually localized to the right hypochondrium (4), 
diarrhoea with the passage of blood-stained stools (2), swellings situated over 
the sternum (2), and loss of weight (7). 

Temperature and Pulse Rate.—Febrile charts were present in 6, the fever 
being either intermittent or remittent in character. 

The pulse rate was increased in 8 ; auricular fibrillation was present in I, 
and this was the only irregularity. The respiratory rate was increased in 4 ; 
in 2 others occasional attacks of breathlessness occurred. 

Clinical Signs. Cardiovascular.—Slight cardiac enlargement to the left 
was found in 2; in neither of these did the outline of the area of cardiac 
dullness suggest a pericarditis with effusion ; | had an increased area of cardiac 
dullness, which later, however, became normal. Normal heart sounds were 
found in 7. Bilateral pleural effusions were present in 2, and in | there was a 
left-sided effusion. 

Abdominal.—Generalized abdominal tenderness was found in 1, and in 2 the 
abdomen had a doughy feel. Ascites was present in 5, the liver was enlarged 
and tender in 2, and irregular abdominal masses were present in | other. 

Autopsy.—An adherent tuberculous pericarditis was present in all. Extra- 
pericardial adhesions between the pericardium and surrounding organs were 
only found in !—in this instance between the pericardium and the chest 
wall. Slight cardiac enlargement was present in 3. Tuberculous infiltration 
of the myocardium was found in 3, in 2 of which it was generalized, involving 
both auricles and ventricles, and in the other it was localized to the right auricle. 
Pulmonary tuberculosis was found in 5, including 1 with a commencing 
tuberculous broncho-pneumonia. In all the others cedema and congestion of 
the lungs were present. The outstanding feature was that in all cases the root 
glands were tuberculous. 

Generalized abdominal tuberculosis was present in2. A tuberculous abscess 
of the chest was present in 1. Pulmonary infarcts were present in | case. 

The diagnosis in this group is much more difficult than in the subsequent 
group. Very few cases in this group showed signs of cardiac failure. Patho- 
logically the adhesions which formed were usually intra-pericardial and very 
rarely extra-pericardial. 


* The numbers in brackets indicate the number of patients with this symptom. 
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(2) CASES WITH A GREATLY ENLARGED AREA OF CARDIAC DULLNESS 


This group is made up of the 19 cases with either a serous, hemorrhagic, 
or caseous exudate in the pericardial sac on the one hand, or those with locula- 
tion of the fluid due to adhesions between the visceral and parietal pericardial 
layers on the other hand. Loculation was proved, usually at autopsy, and 
indicated the start of the adherent stage. 

Sex and Age.—There were 5 females and 14 males. The age incidence 
varied between 19 and 60, the commonest age being between 20 and 40 years. 

Histories —The duration of illness varied from a week to three years, the 
commonest period being about three months. Cough was complained of in 
18 cases ; one had an hemoptysis and three others had at times coughed up 
blood-stained sputum ; in one of the latter, it was found that she had had 
pneumonia. In 7 there was a history of pain (5 precordial and 2 right-sided). 
Breathlessness on exertion was noted by 13 patients, and 10 complained of 
cedema of the legs. 

Swelling of the abdomen was found in 3 and abdominal pain in 10, usually 
localized to the right hypochondrium. Loss of weight, very marked in some 
instances, occurred in 9 ; only 2 complained of night sweats. 

Temperature and Pulse Rate.—Remittent or intermittent fever occurred in 14. 

The pulse rate was raised in 17, and pulsus paradoxus was found in 2. The 
respiratory rate was increased in 16 cases. 

Clinical Signs —CEdema of the legs was present in 7, and one of these had 
cedema of the face in addition. 13 had evidence, in some instances very marked, 
of wasting. 

Cardiovascular.—The apex beat was palpable in | only. Gross enlarge- 
ment of the area of cardiac dullness was found in 17. Pleural effusions obscured 
the cardiac outline in 2, and in some cases the area of dullness extended from 
axilla to axilla. The area of cardiac dullness was in most instances character- 
istically pear-shaped, with an obtuse cardio-hepatic angle. In all cases the heart 
sounds were normal, but generally muffled and distant. The types of pericardial 
effusions found will be dealt with under pathology. 

Respiratory.—Signs indicating the presence of pulmonary tuberculosis 
were found in 5, the commonest clinical signs being an impaired note at one 
or both apices, with moist sounds in the chest. Bilateral pleural effusions were 
present in 2, whilst 3 had right-sided effusions. In 2 a left-sided pleural effusion 
developed after aspiration of the pericardium. 

Abdominal.—An enlarged and very tender liver was found in 10, and 3 had 
ascites. 

Pathology or Autopsy.—Autopsies were carried out in 16, and tuberculous 
pericarditis with effusion was present in all. In one just over four pints of 
effusion was present, whilst in others as little as 30-50 c.c. were found. In 
7 the effusion was purely hemorrhagic, in 5 caseous, and in 2 serous. Mixed 
types of effusion were present in 5 cases; 3 hemorrhagic and caseous ; | 
hemorrhagic and fibrinous ; and | caseous and serous. In 6 the effusion was 
found to be loculated by intra-pericardial adhesions. In 7 the heart was found 
to be small. Slight cardiac enlargement was found in 1, and | had a bread-and- 
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butter heart. Tuberculous infiltration of the myocardium was present in 6 ; 
the right auricle being involved in 3, a generalized involvement in 2, and in- 
volvement of the left auricle in the other. Active pulmonary tuberculosis was 
present in 8, and in the remaining 8 the lungs were cedematous and congested. 
An infarct of the right basal lobe was present in 1 case. Here, as in the previous 
group, the root glands were tuberculous in every case. Pleural effusions were 
present in 10 (8 bilateral, 1 right-sided, and | left-sided). The liver was tuber- 
culous in 7 and the kidneys in 7. In 3 the spleen was tuberculous, and in 3 the 
intestine. Tuberculous mesenteric glands were present 4 times. 

Treatment in our cases consisted of pericardial aspiration and the use of 
mercurial diuretics and digitalis. Later we began using the method of pneumo- 
pericardium. Two who had pericardial aspiration left hospital in a much 
improved condition. Pneumopericardium was carried out in two cases, one 
of whom died, whilst the other left hospital much improved. 

Remarks.—Of the 19 patients reviewed above, 7 were seen by us in six 
months, and all were diagnosed clinically and confirmed biologically or by 
autopsy. They were usually admitted with the diagnosis of congestive cardiac 
failure, but a thorough examination and certain features, such as the febrile 
chart, the enlarged and pear-shaped area of cardiac dullness, the atypical 
distribution, and order of occurrence of the cedema, pointed the way to the 
correct diagnosis. The presence of a pericardial effusion is responsible for the 
picture of congestive heart failure as found in most cases. The effusion, as 
we have seen, may be either hemorrhagic, serous, caseous, or a mixture 
of two types, the hemorrhagic being the commonest. Loculation of the 
effusion due to intrapericardial adhesions may be present. Tuberculous 
infiltration of the myocardium was most commonly found in those cases with a 
caseous effusion. A feature of these cases was the absence of signs of pul- 
monary tuberculosis in most instances. Thus these cases fall chiefly into 
the clinically primary type of tuberculous pericarditis. 


(3) CASES PASSING THROUGH THE VARIOUS STAGES OF TUBERCULOUS 
PERICARDITIS 

The three cases in this group are important in helping to elucidate the course 
of tuberculous pericarditis. They demonstrate the passage of the condition 
through an acute stage to an effusion stage, and finally to the adherent stage. 

Sex and Age.—All were males. Their ages were 26, 40, and 50 years respec- 
tively. 

Histories —The duration of their illness prior to admission was one, three, 
and eight weeks respectively. Breathlessness on exertion and cedema of the 
legs were complained of by one patient. All complained of cough, but none 
had had an hemoptysis. One had precordial pain, and all abdominal pain. 

Temperature and Pulse Rate.—Intermittent fever occurred in two, whilst 
the temperature was normal in the third. 

The pulse rate was increased in all, and the respiratory rate was normal in all. 

Clinical Signs.—Marked loss of weight was evident in two. (Edema of the 
legs was present in one. 
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Cardiovascular—One had systolic apical retraction, and in two there 
appeared to be cardiac enlargement to the left. A pericardial friction rub was 
present in all three. This disappeared later in one. The heart sounds were 
normal. 

Respiratory.—An impaired note with broncho-vesicular breath sounds was 
present in one at the right apex ; emphysema was found in one, and moist 
sounds were present in one throughout both lung fields. 

Abdominal.—An enlarged and tender liver was found in one case, whilst the 
abdomen was generally tender in the other. 

Autopsies—A hemorrhagic pericardial effusion loculated by _intra- 
pericardial adhesions was present in one. An adherent pericarditis was 
present in the other two and in one of them extrapericardial adhesions, a rare 
finding, were present between the heart and lungs. Tuberculous infiltration 
involving the right auricle existed in one. The root glands were tuberculous 
in all. Pulmonary tuberculosis was present in all, one having a tuberculous 
broncho-pneumonia with a terminal miliary spread ; in one, however, it was 
due to a direct infiltration from the root glands. The spleen and liver and the 
abdominal and cervical glands were tuberculous in one. 

The outstanding feature in these cases was the presence of a pericardial 
friction rub. This is highly indicative of an acute stage of the condition. In 
the first particularly, one was able to follow the condition through the acute, 
effusion, and commencing adherent stages. 


SUMMARY OF THE THREE GROUPS 


Incidence.—The coloured races are more commonly affected than the 
Europeans. Tuberculous pericarditis is more common in males than in 
females, 23 to 8 in this series. The difficulty in assessing the age incidence lies 
in the fact that the non-Europeans in this country rarely know their correct 
ages. The impression we have gained from this series is that the condition is 
commonest between the ages of 20 to 40 years and the ages given coincide with 
this ; cases, however, occurred from the age of 15 to the age of 76. 

Pathology.—\t is of considerable importance that in all the 28 cases 
with autopsies, the root glands were tuberculous. We think that these 
glands are the commonest source for the spread of tuberculous infection 
to the pericardium. 


THE MANNER IN WHICH TUBERCULOSIS REACHES THE PERICARDIUM 

There are three modes of spread : 

(1) Spread by Direct Contact.—This is very rare and cannot be demonstrated 
in our series. It is, however, a possibility where tuberculous lungs or glands 
lie in direct contact with the pericardium. One would, then, expect to find the 
tuberculous process continuous with the adjacent focus, and spread throughout 
the parietal pericardial layer, but this is very rare and the probability is that 
even in these cases the spread takes place via the lymphatics. 

(2) Spread by the Blood Stream.—This is a more common mode and usually 
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occurs in the terminal miliary spread of a pulmonary tuberculosis. Miliary 
tuberculosis is a more common sequel of tuberculous pericarditis than vice 
versa. Not one case in this series resulted from a terminal miliary spread, 
whereas eleven cases of root gland and pericardial tuberculosis terminated 
in a miliary spread. When the infection is blood-borne it usually occurs 
before the condition can undergo further development. 

(3) Spread by the Lymphatics.—This is undoubtedly the commonest mode. 
Most authors are agreed that a retrograde spread of infection takes place, but 
there has been some controversy as to the paths along which this occurs. Shore 
(1929) states that there is a close relationship between those glands receiving 
lymph drainage from the lungs and those from the heart, and describes a large 
mass of glandular tissue above the right lung root, the heart draining only into 
the lower part of this, which he calls the “caval gland of the heart.” He 
further describes two lymph trunks draining the heart: (1) an anterior that 
drains chiefly the right ventricle and then empties into the medial members of 
a small group of glands lying in the mid-line of the body just below the 
left innominate vein ; and (2) a posterior that drains chiefly the left side of 
the heart and then empties into the caval gland of the heart. In addition to the 
above Shore describes the presence of small lymphatic glands interpolated 
between the points of formation and termination of the lymph-collecting trunks ; 
these are intra-pericardial in most instances. 

From the above statements one deduces that the glands at the root of the 
lungs are the usual origin and source of spread of tuberculosis to the pericardium. 
The root glands, as we know, may be the first to become involved in cases of 
chest tuberculosis, and from here the infection may spread to the pericardium 
without the occurrence of any spread to the lungs. Pulmonary tuberculosis 
thus plays little part in the development of tuberculous pericarditis. 

In corroboration of this we have seen that the root glands were tuber- 
culous in every case in this series. On examination of the autopsy reports we 
found that the root glands on the right side, i.e. those including the caval gland 
of the heart, were most commonly involved. Pulmonary tuberculosis was 
present in six cases. Dr. Strachan states that he has seen the interpolated intra- 
pericardial lymph glands involved by the tuberculous process in many cases of 
tuberculous pericarditis. 

Myocardial tuberculosis was present in 10 of our cases—in 6 localized to 
the right auricle, in 3 generalized, and in | only chiefly localized to the left 
auricle. This suggests a lymphatic plexus or anastomosis in the region of the 
right auricle. Inthe same way, in most of the cases of tuberculous myocarditis 
reported by others the right auricle was most commonly involved. 


THE CHANGES IN THE PERICARDIUM 


These will be described in three stages. 
(1) The Acute Stage.—-The picture in this stage is one of an acute fibrinous 


pericarditis similar to that found in rheumatic fever. Its real nature may only 
N 
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be discovered on microscopical examination. Resolution, such as usually 
occurs in a rheumatic pericarditis, is rare. 

(2) The Effusion Stage-—As the condition progresses, the pericardium, 
especially the parietal layer, becomes thicker, and this is accompanied by the 
outpouring of an exudate. The effusion is usually large, for example in one 
case over four pints of fluid. The fluid is most commonly hemorrhagic in 
character, but may be straw-coloured or in some cases may consist of a caseous 
material similar to that found in tuberculous lungs or glands. It is at this stage 
that the clinical picture most typical of the condition is found. 

(3) The Adherent Stage.—At this stage the effusion becomes smaller, 
thicker, grumous, or caseous. Adhesions develop between the pericardial 
layers resulting in loculation of the effusion. Loculation accompanied by 
roughened or shaggy pericardial surfaces probably only occurs in tuberculous 
pericarditis. Complete obliteration of the sac ultimately takes place as a result 
of the fluid becoming thicker and organized. At this stage the adhesions that 
form are usually intra-pericardial. Extra-pericardial adhesions were found in 
only three of ourcases. This fact accounts for the rarity of systolic rib retraction. 
Adhesive pericarditis may occur primarily from fibroid tuberculosis without 
the first or second stages. 


SUMMARY AND CONCLUSIONS 


Pathological Survey.—Tuberculous root glands were present in all our cases. 
The tuberculous process was localized to the root glands and pericardium in 
10 of the cases. In 6 the lungs, pericardium, and root glands were tuberculous. 
Terminal miliary tuberculosis occurred in 12 ; in 8 following primary root gland 
and pericardial tuberculosis and in 4 following primary lung, root gland, and 
pericardial tuberculosis. Pericarditis from a miliary spread was not seen. 
Pleural effusions were present in 15 cases, being bilateral in most ; 11 had either 
an acute pleurisy or pleural adhesions. Chronic congestion of the liver was 
present in most with either fibrous, fatty, or tuberculous changes. 

Clinical Survey.—In spite of the short duration of the history, usually 
between three and six months, we believe the condition is usually insidious in 
its onset, and that these Bantu patients only began to notice symptoms when 
they became severe. 

A history typical of congestive cardiac failure was generally given, 
especially in cases of the effusion type. Contrary to the statements of most 
authors, we found that there was usually complaint of cough. Hezmo- 
ptysis was rare, occurring in 5 cases. Abdominal pain, usually localized to 
the right hypochondrium, was complained of in 17 ; and 11 complained of chest 
pain, usually localized to the precordium. (Edema of the legs was found in 11, 
breathlessness in 11, and 11 complained of loss of weight. 

The temperature was raised in 22, either a remittent or intermittent fever. 
The respiratory rate was increased in 20, and the pulse rate in 29 ; in 3 there was 
a pulsus paradoxus. Auricular fibrillation and extrasystoles were each seen 
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once. A febrile chart, rapid pulse, and breathlessness were found chiefly with 
pericardial effusions. 

Most were poorly nourished, and 15 had an emaciated appearance. (Edema 
was present in the legs of 12 and in 3 it was generalized. 

Cardiac murmurs were only present in 2, and a pericardial rub in 3. The 
heart sounds were usually muffled. 

Only 9 had signs of pulmonary tuberculosis ; it was of the primary clinical 
type of Riesman (1901). Moist sounds at the bases were found commonly. 

The liver was enlarged, and usually exquisitely tender, in 12; and 8 had 
ascites. 

The effusion stage is, as we have shown, the easiest one in which to make a 
clinical diagnosis, the enlarged pear-shaped area of cardiac dullness with an 
obtuse cardio-hepatic angle being the outstanding sign. 


Prognosis 


The prognosis is bad. Death usually occurs in one to six months after the 
onset of symptoms. The condition, however, is not always fatal, as shown 
by the fact that people dying of other causes have been found to have 
a healed tuberculous pericarditis. We believe that pericardial aspiration and 
pneumopericardium improve the prognosis as far as the time of survival is 
concerned. This belief is substantiated by the fact that in the only cases which 
left hospital the pericardium had been aspirated; in one case pneumopericardium 
had been performed in addition. 

The cause cf death is either cardiac failure or, more commonly, miliary 
tuberculosis ; this is common in tuberculous pericarditis and may be due to the 
presence of tubercle bacilli in the fluid and tissues surrounding the heart. 
The probable mode of entry of these organisms into the blood stream, particu- 
larly in cases with intra-pericardial caseation, is by the rupture of a tuberculous 
follicle into a vein. 


Diagnosis 


The two main considerations are the diagnosis of pericardial disease and 
the establishment of its tuberculous nature. 
The main points establishing the former are as follows : 


(a) In the Acute Stage.—The presence of a pericardial rub. 

(b) In the Effusion Stage.—({1) The absence of a visible or palpable apex 
beat. (2) The enlarged pear-shaped area of cardiac dullness. 
(3) The presence of Rotch’s angle. (4) The typical radiographic 
picture of pericardial effusion. (5) Pericardial aspiration. 

(c) In the Adherent Stage-—(1) Evidence of cardiac incompetence. 
(2) Evidence of venous engorgement. The condition is most 
difficult to diagnose at this stage, and systolic retraction of the ribs 

has been seen only once. 
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The following are in favour of a pericarditis being tuberculous : 

(1) A patient suffering from a chronic wasting disease. 

(2) Fever, intermittent or remittent, with frequent inverse manifestations. 

(3) Pulmonary tuberculosis or active tubercle elsewhere (almost con- 
clusive). 

(4) Congestive cardiac failure, with a febrile chart and bilateral pleural 
effusions, without organic cardiac murmurs or evidence of hyper- 
tensive disease or coronary thrombosis. Also swelling of the face 
without kidney damage. 

(5) Hemorrhagic pericardial fluid. 

(6) Radiography and probably kymography after pneumopericardium, 
showing the small heart and thickened pericardial wall. 

(7) The finding of tubercle bacilli in the pericardial fluid. 


We desire to thank the honorary staff of the Johannesburg General Hospital for permission 
to use their cases, Drs. Weinbrein and Meyer for their kymographs and reports, and Dr. A. S. 
Strachan for his autopsy reports and for his scrutiny and advice in regard to the pathological 
section. 
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The following three cases are reported since they provide an opportunity 
for further defining the condition that has been termed primary pulmonary 
arteriosclerosis. It may be difficult to distinguish clinically from cardiac disease 
secondary to long-standing pulmonary disease. Brenner (1935) states that : 
“before the diagnosis of primary pulmonary arteriosclerosis is made, all the 
factors commonly (though perhaps erroneously) thought to cause secondary 
pulmonary vascular sclerosis must be absent and there must be marked hyper- 
rophy of the right ventricle.” He collected 16 cases, verified at autopsy, that 
satisfied these criteria; but few were fully investigated, particularly in regard to 
the relative weight of the right and left ventricles, on which the diagnosis 
ultimately depends. Lewis (1913-14) has shown that estimates of ventricular 
hypertrophy in the absence of accurate measurements may be fallacious, and 
has devised a method for determining the relative degree of hypertrophy of the 
ventricles by careful dissection and separate weighing. His method has been 
adopted in the present study, and his series of normal ratios of the relative 
weights of the ventricles have provided the standard by which the degree of 
right ventricular hypertrophy has been assessed. 

Materials and Methods.—The hearts were severed from the parietal peri- 
cardium and great vessels and the chambers were freed from clot and then 
weighed. After preservation in 10 per cent formalin followed by 70 per cent 
spirit, the ventricles and septum were dissected from the rest of the heart and 
weighed separately, according to the method of Lewis. The weight of the left 
ventricle divided by that of the right provided the L/R ratio. 

Sections of the lungs were taken, at intervals of one centimeter, from the 
hilum to the periphery, and stained with hematoxylin and eosin and with 
Weigert’s and Van Gieson’s stains for elastic and fibrous tissues. 


REPORT OF CASE I 


A butler, aged 55, was admitted to Guy’s Hospital complaining of shortness 
of breath and cough. His father had died at the age of 70 and had always been 
177 
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‘“‘chesty” ; there was no other family history of heart or lung disease. He 
had a wife, who was well, but no children. 

He was born in India. There was no history of cardiac disease, but for the 
past few years he had been “chesty and bronchial.” Twelve days before 
admission he complained of shortness of breath and coughing, of swelling 
of the ankles and abdomen, and of loss of appetite. Four similar attacks 
previously had improved with rest in bed, but on this occasion rest did not 
benefit his condition. 

On admission, he was very dyspneeic and showed venous pulsation in the 
neck and marked cedema of the ankles. The temperature was 98° F. and the 
respirations were 25 a minute. The pulse was 120 and regular in force and 
rhythm. The blood pressure was 120/72 mm. The chest showed very little 
respiratory movement and a few rales were heard. The abdomen contained 
free fluid. Venesection of 300 c.c. was performed and 500 c.c. of clear fluid 
were withdrawn from the abdomen. 

He gradually sank into coma and died on the night of admission before he 
could be more fully investigated. 


Autopsy (P.M. No. 104/1935) 


A middle-aged male of medium build and good musculature, showing bilateral 
cedema of the lower extremities as far as the knees. 

Cardiovascular System.—The pericardial sac was distended by an excess of clear 
yellow fluid and there were “* milk patches * over the right ventricle. The heart was 
greatly enlarged, more of the enlargement being right-sided. The myocardium of the 
right ventricle was three to four times its normal thickness ; that of the left ventricle 
and both auricles showed no abnormality. The myocardium was of normal colour 
and texture throughout. The tricuspid and pulmonary valves were very dilated, 
measuring respectively 17-3 and 11-6 cm. in circumference ; they were otherwise 
normal. The mitral and aortic valves showed slight atheroma, but were otherwise 
normal. The coronary arteries showed slight fatty atheroma in the beginning of their 
course, without any appreciable alteration in the lumen. The aorta was of moderate 
elasticity and uniform diameter and showed patchy atheroma, becoming calcified and 
ulcerated near the bifurcation. The pulmonary artery was normal, apart from dilata- 
tion and slight atheroma in streaks in the main branch. The pulmonary arterial tree 
was dissected as far as the arteries measuring 2 mm. in diameter, but no abnormality 
was found. The pulmonary veins were normal. There were no developmental 
abnormalities present in the heart, aorta, or pulmonary artery. 

The weight of the heart, in toto, free from clot and including the epicardial fat, 
auricles, and ventricles, was 650 g. The left and right ventricles, excluding the septum, 
weighed 140 and 165 g. respectively, and the ratio of left to right was 0-84 (normal 
L/R ratio=1-79). 

Respiratory System.—The larynx, trachea, and bronchi were normal. The pleural 
cavities were dry and the pleure showed bilateral superficial apical scarring, but were 
otherwise normal. The right and left lungs weighed 750 and 650 g. respectively, and 
both showed anterior marginal emphysema of moderate degree and congestion at the 
bases. Otherwise the lungs were normal. 

Histology of Lungs.—The alveoli were of normal size and air-containing. An 
occasional heart failure cell was present, and at the bases the alveolar walls were 
irregularly thickened by capillary congestion. Acute or chronic inflammatory disease 
was absent. The arteries, of ] cm. to 2 mm. in external diameter, showed crescentic 
thickening of the intima by varying degrees of atheroma; though the elastic tissue of 
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the media was conspicuous, it was impossible to be certain that it was increased. The 
arteries of less than 2 mm. in diameter were devoid of intimal changes and the media 
appeared normal. No hyaline necrosis of the vessel wall was seen. 

Alimentary System.—The only abnormality was in the stomach, which showed a 
large chronic ulcer measuring 3 x 2 cm. on the lesser curvature, 5 cm. from the pylorus. 
One litre of clear fluid was present in the peritoneal cavity. The liver weighed 1600 g. 
and was normal in size and shape and showed venous congestion. The gall bladder, 
biliary ducts, and pancreas were normal, as was the histology of the liver and pancreas 

Lymphatic System.—The spleen weighed 200 g., and showed a firm, congested 
pulp. The mesenteric, cervical, and mediastinal lymph glands were normal. On 
section the spleen was congested and showed hyaline vascular change in the arterioles. 

Urinary System.—Each kidney weighed 200 g. and was normal in size and shape 
with a smooth surface and loose capsule. The cortical parenchyma was of normal 
width and pattern. The pyramids were congested and firmer than usual in con- 
sistency. The pelves, ureters, and bladder and the prostate and testes were normal. 
On section the glomerular and intertubular capillaries were moderately congested. 
The arteries and arterioles were normal. The parenchyma appeared normal. 


In this case and in the two that follow, both adrenal glands and the thyroid 
were normal, to naked eye and on section. The central nervous system was 
not examined in any of the three cases. 


REPORT OF CASE 2 

A shop assistant, aged 30, was admitted to Guy’s Hospital complaining of 
shortness of breath. His father had died, aged 48, with thrombosis of the legs ; 
his mother was alive and well. His only sister had died of pulmonary tuberc- 
ulosis when 19. He was married and had one son. 

He had always enjoyed good health, and was examined for insurance two 
years before admission and passed fit. There was no history of rheumatism. 

One year previously he suddenly became aware that he was short of breath 
on such slight exertion as running across the road, so that he had to stop and 
proceed slowly. At this time he noticed that he felt unusually tired after his 
work. A few weeks later, on getting up at night to attend to his young child, 
he felt dizzy, fell to the ground, and was unconscious for several minutes. He 
had two further attacks of unconsciousness. In the first, whilst running for a 
train, he felt dizzy and thought he was going to faint ; he grabbed a railing, but 
fell down unconscious and was aroused a minute later by someone speaking 
to him. A third attack occurred six weeks before admission, whilst he was 
sitting down after having brought some coal upstairs. There were other minor 
attacks of dizziness, but without loss of consciousness. 

For a few months before admission he had had epigastric pain and diarrheea, 
and for the last week had vomited all except light foods. For a month he had 
had an unproductive cough, and had been sleeping badly. He had been under 
medical care for six weeks, and for a week had been having digitalis, which 
was stopped two days before entering the hospital. 

On admission, he was cyanosed and restless, but dyspnoea was not marked. 
Venous pulsation was absent in the neck. The temperature was 95° F. and 
respirations 20 a minute. 

On physical examination, the pulse was regular in force and rhythm over 
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short periods of a minute or so, but for the space of a few beats the rate would 
suddenly rise from 40-50 to 80-90 a minute. On palpation of the apex, the 
rate of the heart was found to be constant at 80-90 a minute, a powerful impulse 
alternating with a weaker one and only the more powerful being transmitted 
to the pulse. Occasionally for a few beats all impulses at the apex were of equal 
strength and transmitted to the wrist. The apex beat was just under the nipple 
in the fifth intercostal space, and the heart was not enlarged to percussion. A 
systolic murmur was heard at the apex, but no diastolic murmur could be 
detected. The blood pressure was 125/95 mm. The liver was just palpable 
and tender. There was no cedema or ascites. The spleen was not palpable. 

Nothing abnormal was detected in the respiratory or nervous systems. 

The day after admission the heart was beating at 80-90 a minute, the 
impulses being regular and of equal amplitude and all transmitted to the wrist. 
There was an occasional extrasystole, and at other times several of these in 
quick succession would precede a temporary return to the cardiac rhythm found 
on admission. An electrocardiogram taken on this day confirmed pulsus 
bigeminus and showed right axis deviation, inversion of T, and Ts, and a 
depression of the iso-electric period after the QRS complex, suggestive of 
the effects of the digitalis therapy. 

Early the following morning he was very restless, and on trying to get out 
of bed felt dizzy and said he lost consciousness. He was dazed and confused 
for a short time afterwards, but was not dyspneeic, and recovered quickly from 
this attack. When examined, the rate of both pulse and apex beat was 90 a 
minute. That evening there was a return to the cardiac rhythm present on 
admission ; he became restless and more cyanosed and despite oxygen therapy 
died the same evening, three days after admission. 


Autopsy (P.M. No. 53/1938) 


A young male of slight build, of good nourishment, with no external abnormalities. 
There was no subcutaneous oedema. 

Cardiovascular System.—The pericardial sac contained a slight excess of clear 
yellow fluid. The visceral pericardium showed numerous sub-epicardial petechiz 
along the course of the coronary vessels, on both the anterior and posterior surfaces. 
The heart was extremely enlarged and globular in shape, most of the enlargement 
being due to hypertrophy of the right ventricle. The myocardium of the right side 
was thicker than that of the left, but was of normal colour and texture throughout. 
The tricuspid and pulmonary rings measured 16-0 and 10-5 cm. in circumference, and 
were very dilated, but the valves were otherwise normal. The mitral and aortic rings 
were 11-5 and 7:5 cm. in circumference and the valves were normal. There were no 
endocardial abnormalities. The coronary arteries were of equal size and were free 
from atheroma. The aorta was of normal elasticity and dimensions throughout and 
free from atheroma. There were no developmental abnormalities and the ductus 
arteriosus was closed. The pulmonary artery, throughout its branches, as far as the 
periphery of the lung, was dilated and showed yellow fatty atheroma in streaks and 
plaques. The wall was not appreciably thickened, though its branches throughout 
both lungs were more prominent than normal and slightly rigid. The pulmonary 
veins were normal. The vene cave and hepatic veins were dilated, otherwise normal. 

The weight of the heart in toto was 530 g. The right and left ventricles, excluding 
the septum, weighed 153 and 133 g. respectively, and the ratio of left to right was 0-87. 
The histology of the heart was normal. 
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Respiratory System.—The larynx, trachea, and bronchi were normal. The pleural 
cavities each contained a few c.c. of clear fluid and the pleural membranes were 
normal throughout except for very superficial bilateral apical scarring. The right 
and left lungs weighed 620 and 540 g. respectively, and were of normal shape and size, 
homogeneous in colour, air-containing throughout, and of normal consistency. The 
most conspicuous feature in the lungs was the prominence of the dilated atheromatous 
pulmonary arteries, which extended as far as the periphery. The tracheo-bronchial 
lymph glands were slightly pigmented, otherwise normal. 

Histology of Lungs.—All the sections taken showed some dilatation of the capill- 
aries, but the alveolar spaces were air-containing and devoid of any abnormality. 
The larger branches of the pulmonary artery from | cm. to 3 mm. in external diameter 
showed irregular thickening of the intima by atheroma, but the media appeared 
normal. The arteries of lesser calibre than 3 mm. were devoid of intimal changes, 
while the media appeared thickened by hypertropy, being 20 per cent of the external 
diameter ; but since the media in arteries of this size varies from 6 to 32 per cent of 
the diameter with a mean of 16 per cent (Brenner), it is doubtful whether 20 per cent 
is indicative of medial hypertrophy. 

Alimentary System.—The pharynx and cesophagus were congested. The stomach 
was greatly distended, the mucous membrane was congested, and the ruge were 
thickened, but there was no ulceration or scarring. The rest of the alimentary tract 
and the peritoneum were normal. The liver weighed 1600 g. and was just enlarged, 
with a slightly granular capsular surface that was firmer than normal in consistency. 
The cut surface was uniformly mottled by passive venous congestion, but was other- 
wise normal. The gall bladder, biliary tract, and pancreas were normal. On section 
the liver showed dilatation and congestion of the sinusoids and central venules, but 
the parenchyma appeared normal ; the pancreas was normal. 

Lymphatic System.—The spleen weighed 110 g. and was normal, except for some 
hyaline vascular change on section. 

Urinary System.—Each kidney weighed 110 g. and was of normal size and shape, 
with smooth surface and loose capsule. The parenchyma was of normal colour, 
width, pattern, and consistency. The pelves, ureters, bladder, prostate, and testes 
were normal. On section the kidneys were congested, but otherwise normal. 


REPORT OF CASE 3 


A leather dresser, aged 49, was first admitted to Guy’s Hospital in February, 
1937, complaining of shortness of breath. 

Dyspneea had first been observed by the patient after an attack of influenza 
in December, 1936. It became rapidly worse, and soon he was unable to hurry 
even a few yards to catch a bus. At the same time he began to complain of 
constant precordial pain, uninfluenced by exertion or by the taking of food, 
but aggravated by deep breathing. For many years he had had a chronic 
productive cough, which had increased since the onset of his illness. He had 
never coughed up blood. Apart from this cough, he had always enjoyed good 
health. 

On admission he was orthopneeic and deeply cyanosed. Clubbing of the 
fingers and toes was present. The pulse rate was about 100 per minute, and the 
respiration rate varied between 30 and 50 per minute. The temperature was 
normal. There was no cedema and the venous pressure was not increased. 
The heart was clinically and radiologically slightly enlarged, but presented no 
other abnormality. The blood pressure was 104/74 mm. Movement of the 
chest was poor, and air entry diminished, particularly at the bases, where 
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rhonchi were present. The liver was just palpable and somewhat tender. No 
other abnormality was apparent on clinical examination. 

Examination of the blood showed a hemoglobin percentage of 125, 
6,600,000 red cells per c.mm., and 9300 white cells per c.mm. All the cells 
appeared normal. The erythrocyte sedimentation rate was 2 mm. in the first 
hour. Examination of the urine showed no abnormality. The blood Wasser- 
mann and Kahn reactions were negative. Radiography of the chest revealed 
(erroneously, as was subsequently shown) paradoxical movement of the right 
hemi-diaphragm, and because of this finding a diagnosis of paralysis of the 
right phrenic nerve, due to carcinoma of the bronchus, was made. 

However, by March he was able to return home and gradually got well 
enough to resume his work in April. He remained well, putting on a good deal 
of weight, until November, when his dyspnoea suddenly returned and became 
rapidly worse. 

He was then re-admitted to Guy’s Hospital, the clinical features being sub- 
stantially the same as before, though the cyanosis and dyspnoea were not so 
prominent. Electrocardiography showed marked right axis deviation, with 
low voltage, and flattening of T;. An X-ray of the chest showed slight widening 
of the mediastinum and some enlargement of the pulmonary artery. The 
previous finding of paradoxical movement of the right hemi-diaphragm was 
confirmed during normal breathing, but on deep inspiration normal movement 
took place. 

The diagnosis was considered to lie between ‘* Ayerza’s disease’ and 
carcinoma of the bronchus. In view of the latter possibility a course of deep 
X-ray therapy was given, after which the patient was discharged in January 
1938. 

He remained well and at work for several months until February, 1939, 
when the dyspnoea returned and rapidly grew incapacitating. He was re- 
admitted in March in a very distressed state, with marked orthopnoea and 
severe cyanosis, but without venous engorgement and with only very slight 
cedema of the ankles. There was no pyrexia and the pulse rate was regular at 
about 100 per minute. Respirations varied between 30 and 60 per minute. 
The blood pressure was 120/72 mm. The apex beat could be felt five and a 
half inches from the mid-line in the fifth intercostal space, and no abnormality 
was apparent on auscultation of the heart. Movement of the chest was slight, 
but apart from widespread rhonchi no clinical abnormality was present. The 
liver was not palpable. Examination of the urine showed no abnormality. 

An X-ray of the chest revealed enlargement of the heart (transverse diameter 
17 cm. in a chest of 28 cm.). The pulmonary artery and conus of the right 
ventricle were very prominent. The pulmonary arterial tree was well marked, 
but apart from this the lung fields were normal. An electrocardiogram showed 
very little change from that of a year before. Blood circulation times were also 
measured, the arm-to-lung time (paraldehyde) being 10 seconds and the arm- 
to-tongue time (decholin) 15 seconds ; these figures lie within the normal 
range. 

On the diagnostic grounds enumerated below, the case was considered to 
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be one of primary pulmonary hypertension. Treatment was carried out in the 
oxygen tent. During the next few weeks the clinical condition fluctuated con- 
siderably, but some degree of dyspnoea and cyanosis was always present. 
Death occurred suddenly after four weeks in hospital. 


Autopsy (P.M. No. 138/1939) 


An elderly obese male of hypersthenic build, with barrel-shaped chest and wide 
intercostal angle. The fingers were clubbed and the ankles slightly eedematous. 

Cardiovascular System.—The pericardium was slightly adherent to the right pleura 
by a few delicate fibrous bands. The sac and contents were normal except for a 
‘** milk patch ” on the anterior surface of the right ventricle and a few petechiz along 
the coronary sinus. The heart was globular in shape and much enlarged, due to great 
hypertrophy of the right ventricle. The myocardium of the right ventricle was two 
to three times the normal thickness, with hypertrophied columnz carne and papillary 
muscles. That of the left ventricle and auricles was normal. The myocardium was 
of uniform colour, texture, and consistency. All the chambers were dilated and filled 
with post-mortem clot. The tricuspid and pulmonary rings were dilated and measured 
13-5 and 10 cm. in circumference, but the cusps were normal. The mitral and aortic 
rings were 11 and 7-5 cm. and both valves were normal, apart from fatty atheroma of 
the anterior cusp of the former. The coronary arteries were of equal size and showed 
slight fatty atheroma at the beginning, but their lumina were not narrowed and were 
normal and patent throughout. The aorta was of normal elasticity and width, and 
showed a few patches of atheroma in the sinus of Valsalva, in the arch, and in the 
abdominal portions only. The pulmonary artery was uniformly dilated as far as the 
first division. The second branches of the pulmonary artery were more conspicuous 
than normal and showed patches of fatty atheroma. The remaining branches as far 
as those of 2 to 4 mm. diameter appeared normal. There were no, developmental 
abnormalities in the heart or great vessels. 

The heart weighed 630 g. The right and left ventricles, excluding the septum, 
weighed 162 and 129 g. and the L/R ratio was 0-80. 

Respiratory System.—The larynx, trachea, and bronchi contained frothy mucus 
and the mucous membrane was congested and slightly granular and covered by a 
delicate fibrinous exudate. The left pleural cavity was dry and the pleura was normal 
throughout. The right pleural cavity was obliterated over the upper lobe and showed 
a few basal pleuro-pericardial fibrous adhesions. Elsewhere it was normal. The 
right and left lungs weighed 1000 and 800 g. respectively and were of normal size and 
shape. There was slight bullous emphysema along the anterior margins of both 
upper lobes, and the remainder of the lungs was slightly congested and cedematous, but 
of normal consistency and air-containing throughout. The bronchi were of normal 
diameter and, apart from slight congestion of the mucous membrane, were normal 
and free from inflammatory exudate. There was no evidence of acute or chronic 
inflammation in either lung. The tracheo-bronchial lymph glands were pigmented, 
but otherwise normal. 

Histology of the Lungs.—The capillaries throughout the lung were engorged and 
the alveoli air-containing and devoid of cells. No abnormality could be detected in 
the arteries of | cm. to 0:2 cm. in diameter. In some sections the smaller arteries were 
dilated ; in others they appeared constricted. There was no inflammatory disease. 

Alimentary System.—No abnormality was detected. The liver weighed 2100 g. 
and was enlarged, with smooth surface and rounded edges. The cut surface was 
uniformly pale, with slight accentuation of the normal lobularity, and on section 
showed dilatation of the sinusoids. The gall bladder contained 50 c.c. of concen- 
trated bile, which flowed freely, and the mucous membrane contained cholesterol 
deposits. The biliary passages and pancreas were normal. 
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Lymphatic System.—The spleen weighed 300 g. and was enlarged, with smooth 
capsule and a firm, uniformly congested pulp ; on section it showed hyaline vascular 
change only. The cervical, mediastinal, mesenteric, and inguinal lymph glands were 
normal. 

Urinary System.—The right and left kidneys weighed 220 and 210 g. respectively, 
and were enlarged but of normal shape. The surfaces were smooth, with loose 
capsules. The cortices were of normal width and the vascular pattern was accentuated. 
The boundary zones were sharply defined and the pyramids deeply congested. The 
parenchyma was firmer than normal. The pelves, ureters, and bladder were normal, 
as were the prostate and testes. On section the kidneys were slightly congested, but 
were otherwise normal. 


CLINICAL CONSIDERATIONS 


From the study of these cases and those previously reported the chief points 
in the diagnosis of primary pulmonary hypertension would appear to be as 
follows : 

1. There is central cyanosis, with which may be associated polycythemia 

and clubbed fingers. 

. Dyspnea may be the presenting symptom, but does not become extreme. 
. There is hypertrophy of the right ventricle, which sometimes may be 
demonstrable only by X-ray examination. 

4. Radiological evidence of dilatation of the pulmonary artery and of the right 
ventricular conus is present. This is probably the most important 
clinical finding, as it is not present to the same degree in heart failure 
secondary to lung disease. 

5. There is no clinical, radiological, or pathological evidence of serious 
disease of the lung parenchyma. 

6. The second pulmonary sound may be accentuated, but otherwise no 
signs of organic heart disease are present. 

7. Electrocardiography shows right axis deviation and flattening or inversion 
of the T waves in leads II and III. 

8. Increase of the systemic venous pressure and cedema occur only in the late 
stages when the heart fails. 

9. The systemic arterial blood pressure is not increased. 

10. There is no evidence of syphilis. 

The distinction between pulmonary hypertension and cardiac failure 
secondary to chronic lung disease may not always be easy to make, especially 
where there is a history of dyspnea. But X-ray and electrocardiographic 
evidence of marked right-sided cardiac hypertrophy or preponderance is not 
commonly found as a result of emphysema (Parkinson & Hoyle, 1937). On 
clinical evidence the first case might be regarded as one of “ cor pulmonale,” 
since the patient had been described as ** bronchial and chesty ” for some years 
before the onset of symptoms suggestive of cardiac failure. The slight changes 
found in the bronchi and lung parenchyma post-mortem, however, did not 
appear to be sufficient to account for the marked hypertrophy of the right heart 
and dilatation of the pulmonary artery. The third case was said to show 
clinical emphysema, but in view of the difficulty in diagnosing emphysema at 
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the bedside and the slight extent of the emphysema at autopsy we feel that this 
clinical finding may be dismissed. 

A clinical diagnosis of Ayerza’s disease is sometimes made in this type of 
case, but as there is no generally accepted definition of what is meant by this 
term it is better avoided. Congenital heart disease or mitral stenosis may 
cause difficulty in diagnosis. In the absence of the usual signs of these con- 
ditions, excessive cardiac pulsation or the smallness of the aorta may be of 
importance in distinguishing congenital disease, and the marked vascular 
changes at the hila and enlargement of the left auricle in distinguishing mitral 
stenosis. 

The disease appears to run a course of from five months to five years after 
the onset of symptoms, the average expectation of life being two years. Our 
patients survived twelve days, twelve months, and twenty-eight months after 
the onset of symptoms. No specific treatment for the condition has been 
suggested ; oxygen therapy appeared to benefit the third case, but such treat- 
ment can only be symptomatic. : 

It might be presumed that the second patient, a man of 30 years, would 
demonstrate the features of the disease in a clearer manner than the other two 
cases, in which arteriosclerosis might have been a complicating factor. This 
patient may be compared with the first case of Brenner, a boy of 11 years. 
The first symptom noticed by both was dyspnea on exertion. Both were 
markedly cyanosed, and suffered from attacks of unconsciousness. It is 
probable that the condition produces no symptoms until the enlarged right 
ventricle begins to fail, but in some respects the early symptoms appear to 
differ from those usually seen in right heart failure. The dyspnoea observed 
in the early stages does not appear to progress with the course of the 
disease, and the presence of marked cyanosis with the absence of systemic 
venous engorgement is remarkable. The cyanosis is due to the inadequate 
oxygenation of the blood in the lungs, but the reason for this is obscure. The 
rate of blood flow through the lungs, as judged by the measurement of the 
circulation times, appears to be unaltered, and there is no evidence of vascular 
congestion in the lungs. Moreover, histological study of the lung fails to 
reveal any change in the alveolar wall which might impede the passage of 
oxygen through it. The diminished oxygen content of the arterial blood is 
probably a more important factor in the causation of the dyspneea on exertion 
than the possible presence of circulatory failure. Since the ventilating powers 
of the lungs are inadequate even at rest, it is suggested that they would prove 
even more so with the increased demand of the body for oxygen during exertion. 
A further lowering of the arterial oxygen content would also explain the 
syncopal attacks, which in their clinical features may be compared to Stokes- 
Adams seizures, and may be regarded as evidence of cerebral anoxia. 


PATHOLOGICAL FINDINGS 


The only anatomical feature that was striking and common to all three 
cases was the great hypertrophy of the right ventricle, indicated by the L/R ratios 
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of 0-84, 0-87, and 0-80. The normal ratio given by Lewis (1913-14) is 1-79, 
while that for eight cases of uncomplicated mitral stenosis was 1-0, showing 
that the relative degree of right ventricular hypertrophy in the present condition 
exceeds that found even in mitral stenosis. 

The degree of atheroma of the pulmonary arterial tree varied, being con- 
spicuous in the second, moderate in the third, and slight in the first case, and 
bore no relationship to the degree of ventricular hypertrophy. There was no 
clinical evidence of systemic hypertension, and the slightness of the left ventric- 
ular hypertrophy and the pathognomic sign of hyaline or “ fibrinoid ’’ necrosis 
in the intralobular arteries and afferent arterioles of the kidney is also against 
the co-existence of systemic hypertension (Hadfield and Garrod, 1932). 

The histological changes in the pulmonary blood vessels, apart from intimal 
atheroma, were insignificant. There was no intimal thickening, medial hyper- 
trophy, or any of the changes that are found in the small arteries and arterioles 
of the systemic circulation when systemic hypertension is present. In this 
connection it may be pointed out that such changes occur mainly in the smaller 
muscular type of arteriole, which is absent in the lung, where even the smaller 
arteries down to 0-1 mm. diameter are of the elastic type with a relatively thin 
media. There are no vessels in the pulmonary arterial tree comparable to the 
afferent arteriole in the kidney, and the absence of a susceptible vessel may be 
a possible explanation for the lack of such lesions in the present cases. The 
diameter of the arterial lumen and the ratio of the lumen to the vessel wall varied 
too much to be of any significance. In the first case there was no appreciable 
difference from the normal; in the second the arteries down to less than 0-1 mm. 
in diameter were uniformly dilated; whereas in the third the degree of contrac- 
tion varied in different sections. In fact, there were no structural changes that 
could be considered abnormal. Similarly, the parenchyma of the lung was 
devoid of any evident abnormality. 


PATHOGENESIS 


With regard to the extiology and pathogenesis of the condition, there is 
little to add to Brenner’s statement : ‘* In most cases the changes appeared to be 
those of ordinary atherosclerosis and to be non-inflammatory. Most authors 
have suggested that primary sclerosis is caused by pulmonary vascular hyper- 
tension either due to spasm of the pulmonary arterioles or to congenital narrow- 
ness of the pulmonary veins. There is no evidence in favour of either of these 
suggestions and the cause remains unknown.” Since Brenner’s articles, further 
cases of primary pulmonary arteriosclerosis have been published. Kaump and 
Dry (1938) reported one, in which no adequate reason for the hypertrophy 
of the right ventricle could be found, and Rothschild and Goldbloom (1938) 
recorded a case of “ obliterating pulmonary arteritis” and right ventricular 
hypertrophy and considered that the condition was allergic, but in the absence 
of heart weights it is impossible to assess their significance. Seely (1938) 
reported a case of primary obliterative pulmonary sclerosis in which the heart 
weighed 390 g. against a normal average of 303 g. for a female of 68 (Bell and 
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Hartzell, 1923-4) ; the lungs weighed 200 and 170 g. and were emphysematous. 
In view of the possibility, so far not proven, that emphysema may cause right 
ventricular hypertrophy, it is possible that the hypertrophy in this case was 
secondary to the emphysema. Alexander ef al. (1927) in a clinical study of 
50 patients with true bronchial asthma, evident for at least five consecutive years 
and of an average duration of ten years, found that emphysema was present in 
all except one. Examination of the heart revealed three patients with “* cardiac 
injury,” and in two of these the cardiac lesion antedated the asthma. In view 
of the difficulty of estimating the degree of emphysema both clinically and 
pathologically, the relationship between it and right ventricular hypertrophy is 
still a matter for conjecture. Parkinson and Hoyle found that great enlarge- 
ment of the right heart is rare in emphysema, having been seen in only four 
cases out of eighty ; they conclude that the cardiac symptoms and signs in 
emphysema are more likely to be due to an accompanying systemic hyper- 
tension than to the direct effect of emphysema on the heart. There is no 
experimental evidence to show that any diminution in the pulmonary capillary 
bed, such as might occur in emphysema, causes an increase in blood pressure 
in the right side of the heart. Dunn (1919) occluded large areas of pulmonary 
circulation by injection of starch or oil in the jugular veins of animals and showed 
there was no alteration of blood flow through the lungs or in the pressure in 
the right side of the heart. 

The most conspicuous anatomical abnormality in the pulmonary circulation 
of these cases is the great hypertrophy of the right ventricle. Does this single 
anatomical fact justify the opinion that the hypertrophy is a physiological 
reaction to increased work, and is therefore analogous to the left ventricular 
hypertrophy in systemic hypertension ? Whereas in the latter the ventricular 
hypertrophy is associated with characteristic lesions in the systemic arteries and 
arterioles, but is independent of the degree of arteriosclerosis, right ventricular 
hypertrophy is unassociated with any such comparable lesions in the smaller 
pulmonary arteries. An explanation of the lack of arteriolar changes may be 
that such changes in the systemic arteries are usually confined to the muscular 
type of artery, which is absent in the pulmonary circulation. The existence, 
therefore, of pulmonary hypertension is conjectural, and is not justified on 
analogy alone. If a name based on the morbid anatomy is required for this 
condition, “* idiopathic right ventricular hypertrophy * would appear to be a 
suitable one, until such time as the condition may have acquired a proved 
etiology. The term “ pulmonary arteriosclerosis ”’ is misleading, as the arterio- 
sclerosis would seem inadequate to account for the ventricular hypertrophy. 


SUMMARY 


1. Three cases of severe right ventricular hypertrophy of unknown origin 
have been described. 

2. The usually accepted causes of such hypertrophy due to disease of the 
heart and lungs have been excluded. 
3. The clinical and pathological changes have been described and discussed. 
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4. It is suggested that the term “ idiopathic right ventricular hypertrophy ” 
should in future replace “ primary pulmonary arteriosclerosis” or “* hyper- 
tension,” which have no foundation in fact. 
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This title has been chosen deliberately, although it denotes something hypo- 
thetical, as indicating a possible cause of the facts hereafter described. 

These three cases were reported at the meeting of the Cardiac Society at 
Birmingham in 1939. The subsequent outbreak of war has made it impossible 
to survey the literature, so there are no references. I think, however, that the 
accurate presentation of the observations is the important thing. There can 
be no doubt that we are confronted with a curious and hitherto rare condition ; 
its nature and causation will need further study, but the account of these three 
cases may be helpful and may draw attention to others. 


NOTES OF FIRST CASE 

A married woman of 31, with one child aged 6, was first seen in December 
1936, complaining of dyspnoea even on walking on the level. She also noticed 
palpitation, and had to sleep supported by three pillows, though there had 
been no dyspneea at night. These symptoms had been coming on gradually for 
two or three years. There was no history of rheumatic fever or any important 
illness. 

She was of medium build, with a flattish chest and a somewhat depressed 
lower end of the sternum. The lips were slightly cyanosed. There was no 
cedema, and the liver and external jugular veins were not engorged. The heart 
was enlarged (15 cm. in transverse diameter on screening). The electrocardio- 
gram in this case (Fig. 1A), as in the others, indicated that the increase in 
size was in the right ventricle. Clinically, enlargement was obvious in the 
region of the pulmonary artery and conus arteriosus. Here one could detect 
definite systolic pulsation, a slight systolic murmur, a very loud pulmonary 
second sound, and an easily palpable closure of the pulmonary valves. Screen- 
ing showed the greatly enlarged pulmonary artery (Fig. 2A) and its branches 
seemed conspicuous, for there was a definite “‘ hilar dance.’ The lungs were 
clear. The left auricle was not enlarged (Fig. 2B). The peripheral arteries 
were normal. There was slight polycythemia ; red cells 6-4 million, hemo- 
globin 126 per cent. There was no clubbing of the fingers. The Wassermann 
reaction was negative. B.P. 125/70. The enlargement of the right ventricle 
and of the pulmonary artery and its branches prompted a diagnosis of patent 


interauricular septum. 
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Fic. |.—Electrocardiograms showing right axis deviation. (A) Case 1, five months before 
death ; (B) Case 2 ; and (C) Case 3. 
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Fic. 2.—Case 1. (A) Antero-posterior view, five months before death. Note the large 
pulmonary artery. 


(B) Right anterior oblique view. Note the normal left auricle. 
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Clinical Course 


In the next month signs of congestive failure of the right ventricle came on, 
with great enlargement of the liver, ascites, venous engorgement, and increasing 
cyanosis and edema. The heart rate remained regular and between 60 and 90, 
and the respiratory rate did not rise above 20. In the last week the heart rate 
rose to 120, with regular rhythm ; she became more cyanosed and drowsy, and 
finally died quietly without distress in May 1937. 


Post-Mortem Findings 

In this case the ventricles were weighed separately, after being dissected 
from the auricles and divided down the middle of the septum. 

Heart.—Right auricle much dilated and full of post-mortem clot. Foramen 
ovale closed. Tricuspid valve flaps normal ; valve enlarged, admitting four 
fingers, the circumference being 14 cm. Right ventricle greatly enlarged 
(195 g.) with huge increase in capacity, and massive musculature of the trabe- 
cule ; the apex actually formed the apex of the heart. Wall 5 mm. thick, 
two cm. from the apex. Interventricular septum closed. Pulmonary artery 
large and prominent, and valves capacious and competent, the internal circum- 
ference at the top of the cusps being 90 mm. No atheroma in pulmonary artery 
or its branches and no macroscopic abnormality in smaller twigs. Left auricle 
small with normal thickness of wall ; mitral valve admitted three fingers, the 
circumference of the ring being 10 cm. ; slight thickening of the anterior cusp. 
Left ventricle of normal size, weighing when separated 135 g. ; thickness of the 
wall, two cm. from the apex, 7-0 mm. 

Myocardium throughout looked healthy, with good colour and resilience ; 
microscopical sections showed fibres of the right ventricle hypertrophied. 
Coronary arteries, normal. 

Lungs.—These were a little collapsed at the bases from upward pressure by 
the abdomen distended by ascites. There was no emphysema or brown indur- 
ation and they were remarkably free from oedema and engorgement ; no sections 
were made of the lungs. Elsewhere, the usual changes due to severe and long- 
standing venous engorgement. 


Summary 


In this case the outstanding finding was the gross hypertrophy of the right 
ventricle and enlargement of the pulmonary artery, for which no cause was 
apparent to the naked eye. The state of the lungs and of the left auricle would 
exclude any cause affecting them from the left side. The findings confirmed the 
clinical observations, but not the suggested cause ; nor did they point to another. 


Notes OF SECOND CASE 

A married woman of 24, pale and without cyanosis, seen in the autumn of 
1938; she gave a history of several attacks of right ventricular failure in the last 
six years. During the last year she had been more or less an invalid and three 
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months ago her abdomen had twice been tapped for ascites. She said she had 
never had rheumatism. The feet were slightly swollen. The liver was enlarged 
and soft and a little tender. The external jugular veins were not distended, but 
filled on pressing on the abdomen. 

Clinically, the right ventricle was much enlarged. This was confirmed by 
the cardiogram (Fig. 1B) and by the skiagram (Fig. 3). There was systolic 





Fic. 3.—Case 2. Antero-posterior view, three weeks before death. Note large pulmonary 
artery. 
_ The right anterior oblique view, with barium in the oesophagus to show the absence 
of enlargement of the left auricle, has been superimposed in the space between the right 
border of the heart and the right chest wall. 


pulsation in the pulmonary area, with palpable closure of the pulmonary valves 
and a very loud pulmonary second sound. The left auricle was normal in the 
oblique view (Fig. 3). There was a slight local systolic murmur at the apex. 

Respiration was easy and quiet at 20 per minute, and the lungs were clear. 
The heart rhythm was regular, with a rate of 90. B.P. 118/78. Slight 
albuminuria. 
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Clinical Course 


Under treatment she improved so much that she was ready to go home. 
The day before, she suddenly became drowsy and the abdomen filled up ; the 
next day she was collapsed, pale, and cyanosed, with transient auricular fibrill- 
ation ; a fewcrepitations appeared at the bases, the pulse became imperceptible, 
with but little increase in the rate of respiration ; and in a few hours she was 
dead. 


Post-Mortem Findings 


Heart.—Slight increase of fluid in the pericardial sac. Total weight 425 g. 
Right auricle much distended. Right ventricle very large (210 g.) with massive 
walls and thick trabeculae. Tricuspid valve, normal flaps, with large orifice, 
admitting four to five fingers. Pulmonary valves large and competent ; pul- 
monary artery large, with internal circumference just above the cusps of 90 mm. 
Several small oval atheromatous patches, 3-5 mm. long, near the bifurcation, 
with smaller ones in the first main branches. Left auricle normal in capacity 
and thickness of walls. 

Mitral valve, slight thickening of posterior cusp due to old rheumatic 
carditis ; orifice admitting two fingers. Left ventricle small, with normal walls 
(weight 131 g.). Coronary arteries normal. Myocardium rather pale, but 
resilient. Ductus closed and septa whole. Aorta and aortic valves normal. 
Aorta 70 mm. in internal circumference at the valves. 

Lungs.—L., 375 g.; R., 415g. A little edema of the right upper lobe and 
some congestion of the right lower lobe. Bronchioles rather red, with a little 
muco-pus. On the whole, very free from congestion and cedema, and without 
brown induration. 

There were the usual changes due to chronic congestion in the liver, kidneys, 
and spleen, with much ascites and some oedema. 


Microscopical Findings 
Section of the myocardium showed hypertrophy of the fibres of the right 
ventricle (Fig. 4). The lungs showed some catarrhal cells in the alveoli. The 
muscle coats of the arterioles were perhaps a little hypertrophied (Fig. 5). 
There was no proliferation of the intima or obliteration of the lumen to be seen. 


Summary 


In this case again there was, at the end, great hypertrophy of the right 
ventricle, with enlargement of the pulmonary artery. No structural changes 
were to be detected as a cause. The clinical course was rather long, with 
recurrent attacks of failure of the right ventricle. As in the first case, the slight 
degree of dyspnoea was worth noting. The rhythm remained regular, apart 
from one short bout of fibrillation, which was probably a result rather than a 
cause of failure. The final failure was sudden and rapid. 
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Fic. 4.—Case 2. (A) Section of right ventricle showing hypertrophy ; (B) Section of 
left ventricle for comparison. Magnification x 180. 





Fic. 5.—Case 2. Pulmonary arteriole, showing perhaps some hypertrophy. 
Magnification x 120. 


NOTES OF THIRD CASE 


A married woman of 31, who came into hospital early in 1939. During 
the summer before she had begun to notice undue dyspneea and distress when 
playing tennis. There was no history of rheumatism. She had had a mis- 
carriage with a hydatidiform mole five weeks previously. There had been 
increasing dyspnoea on exertion for some months, becoming much worse since 
the miscarriage. (Edema of the feet had appeared within the last few days. 
She had had no cough, nausea, or vomiting. 
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The hands and feet were cold and blue ; the lips, cheeks, and ears were blue. 
The legs were cedematous and there was a sacral pad. The liver was a little 
enlarged, and there was some congestion of the external jugular veins. The 
lungs were clear and there were no rales ; respiration was easy, without any 
cough or distress, at 20 to 24 per minute. She could lie flat without discomfort ; 
and was rather quiet and apathetic. 

The heart showed an increase of the right ventricular thrust, with systolic 
pulsation in the pulmonary area. The closure of the pulmonary valves was 
palpable, and the pulmonary second sound was very loud. Gallop rhythm 
was audible near the left edge of the sternum. There were no murmurs. The 
pulse was regular and very weak, with a rate of 115. No blood pressure reading 
could be obtained. The urine contained much albumen. The blood urea was 
90 mg. per c.c. The cardiogram confirmed the gross enlargement of the right 
ventricle (Fig. 1C). A skiagram (Fig. 6) showed the great heart shadow, 
with prominence of the pulmonary artery. 





Fic. 6.—Case 3. Antrro-posterior radiogram, 24 hours before death. (Taken in bed.) 


Clinical Course 
During the next twenty-four hours she rapidly became worse. Drowsiness 
came on and she tended to slip down ; in fact, she lay flat with no inconvenience 
or dyspnoea ; the breathing was regular and the rate did not rise above 24 until 
just before the end. The cyanosis increased, and the jugular veins became more 
distended. Venesection was ineffectual, for only an ounce or two of very thick, 
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dark blood could be obtained. The heart rate increased to 140, with regular 
rhythm ; drowsiness increased to coma, and she died in a few hours. 


I would comment now upon the clinical picture of pure right ventricular 
failure. Usually one sees it secondary to failure of the left side, or the case is 
one of mitral disease with embarrassment of the pulmonary circulation ; or 
there is pulmonary disease, such as emphysema or bronchitis. Here, all the 
points were clear and uncomplicated. One was struck by the absence of 
dyspnea. The veins filled up, the liver became more engorged, and the 
cyanosis increased, but the pulmonary circulation remained free from difficul- 
ties, so that the breathing continued easy until the patient was nearly dead. It 
is rare in my experience to witness such a pure and rapidly progressive failure 
of the right ventricle. What one saw bore out fully the modern theory that 
cardiac dyspneea is the result of engorgement of the pulmonary circulation. 


Post-Mortem Findings 


A well-nourished woman, with oedema of the legs, chest, and abdominal 
wall, and with intense cyanosis of face, ears, and fingers. 

Heart.—Weight 372 g. Right auricle and great veins very engorged. Tri- 
cuspid valve enlarged, taking four fingers. Right ventricle very capacious, 
with massive hypertrophy of its walls, and huge trabecule (weight 180 g.) : 
muscle firm and resilient and of good colour. Pulmonary valves large and 
competent. Pulmonary artery large, with an internal circumference just above 
the cusps of 85 mm. (normal, about 66-5 mm.) ; slight atheroma in small flecks 
and spots. Left auricle of normal capacity and thickness, mitral valve taking 
two fingers ; very slight thickening at the edge of the cusps. Left ventricle 
of normal size and capacity (weight 112 g.) Aortic valves normal ; also aorta, 
coronary arteries, cardiac septa, and ductus arteriosus. 

Lungs.—Right lung 465 g. (15 oz.). Slight collapse at extreme base 
posteriorly. No oedema, engorgement, or induration. A little muco-pus in 
the bronchioles. Right pleural sac, 300 c.c. clear fluid. 

Left lung, 445 g. (14 0z.) ; slight ceedema at the extreme base ; no induration 
or engorgement. Both lungs were, in fact, remarkably light and dry and free 
from engorgement or oedema. 

The liver showed pronounced nutmeg changes ; there was some ascites 
and congestion of the spleen. The kidneys were rather small, with slight 
patchy scarring, scattered irregularly on the surface, and affecting the cortex 
but little underneath it. 


Microscopical Findings 

The fibres of the right ventricle were hypertrophied (Fig. 7), but no disease 

of the myocardium was found. In the /ungs the tissue itself was free from 
disease. The muscular coats of the smaller arterioles were perhaps a little 
thickened. Here and there a few of the smallest arterioles were partly obliter- 
ated by proliferation of the intima, but this was not a common finding (Fig. 8A). 
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A few of the larger arterioles showed crescentic patches of intimal proliferation, 
with some vacuolar degeneration (Fig. 8B). 





Fic. 7.—Case 3. (A) Section of right ventricle showing hypertrophy ; and (B) section 
of left ventricle for comparison. Magnification x 180 





Fic. 8.—Case 3. Arteriole in lung. (A) Magnification x 100; and (B) Magnification 
< 200. 


Summary 


This patient died of pure right ventricular failure which progressed rapidly 
towards the end. The autopsy showed great hypertrophy of the right ventricle, 
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and some increase in the size of the pulmonary artery. Some pulmonary 
arterioles showed an obliterative process. The lungs were free from disease, 
congestion, or oedema. 


SUMMARY OF AUTOPSY FINDINGS 


This is a summary of certain measurements of the hearts of these three cases. 
The normal figures are taken from Vierordt’s well-known * Tabellen ” for per- 
sons of similar age and sex. 


TABLE I 


WEIGHT OF THE RIGHT AND LEFT VENTRICLES 





Weight in Grammes 





Normal | ; 
(Vierordt) Casel | Case2 | Case 3 
Heart .. es BS As et 250 415 391 372 
Right Ventricle (separated from Lt.) .. 59 195 210 180 
Left Ventricle (separated from Rt.) .. 120 135 101 112 
Auricles ee da x - 85 85 80 80 
Lungs : Right - a 500 a= 415 465 
ten .. o i at 425 _ 375 | 445 





The great increase in the weight of the heart was due to the increase in the bulk 
of their right ventricles : whereas the left ventricle is about twice the weight of 
the right, here in one case the right ventricle was twice the weight of the left ; 
in the others it was 50 per cent heavier. 

The photomicrographs and cardiograms agreed with the diagnosis of hyper- 
trophy. 

The weights of the lungs confirmed their normal appearance and the absence 
of edema or engorgement. 

Table Il shows the measurements of the internal circumference of the 
pulmonary arteries and aortas of these cases, taken just above the valves, and 
compared with Vierordt’s normals : 


TABLE Il 


A COMPARISON OF THE SIZE OF THE AORTA AND OF THE PULMONARY ARTERY IN THESE 
CASES AND IN NORMALS 





Internal Circumference in Millimetres 








Normal ‘ — 
(Vierordt) Case | Case 2 Case 3 
Aorta .. = en eh .. | 55-79 (range) 68 70 60 


Pulmonary artery 66°5 (average) 90 90 85 
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These measurements after death confirm the suggestion of enlargement of 
the pulmonary artery which one gained during life, clinically and by the skia- 
gram. 


DISCUSSION 


It remains to produce some explanation for the findings in these three young 
women. I think that the cases are similar : the age and the clinical course in 
each case are much alike. To explain pure failure of a greatly hypertrophied 
ventricle is the problem. 

The enlargement of the pulmonary artery must be explained. It might be 
caused by increase of the blood entering it, as in thyrotoxicosis or as in the 
patent septa or patent ductus arteriosus ; but those defects were wanting. 
Increase in the pressure above the valves would also cause it, as in severe mitral 
stenosis or in some cases of emphysema or with extensive obliteration of the 
pulmonary arteriolar bed. 

The slight thickening of the mitral flaps can have had no effect on the right 
ventricle ; particularly with the normal appearance of the left auricles before 
and after death. 

There was no disease of the lung tissues. 

In one case the pulmonary arterioles showed some degree of obliteration 
here and there, but it is hard to believe this was extensive enough to affect 
the right ventricle. The other case showed no change in the pulmonary vessels, 
but the right ventricle was just as large. Of the third the lungs were not 
sectioned. The flecks of atheroma were such as one sees often enough in the 
pulmonary artery in mitral stenosis or in some cases of emphysema when the 
tension in the artery has been high ; but it may be found when no increase in 
tension may be supposed to have existed. It seems possible that the changes, 
atheromatous and obliterative, found in the pulmonary arteries and arterioles 
in those cases may be the result of high pressure in the pulmonary circuit. 


SUMMARY 


Three cases are described in which failure of a conspicuously hypertrophied 
right ventricle took place. At autopsy no satisfactory cause for this hypertrophy 
could be found. 

They present a clinical picture which should be fairly easily recognizable 
during life. 

1. Enlargement of the right ventricle, with the characteristic electrocardio- 

gram. 

. Enlargement of the pulmonary artery, confirmed by the skiagram. 

. A loud pulmonary second sound suggesting a high pressure in it. 

. Intractable and progressive failure of the right ventricle, with the main- 
tenance of normal rhythm, dyspneea of any severity being absent. 

. A normal appearance of the left auricle. 


wh 
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6. An absence of valvular defects, congenital or acquired, or of patent septa. 
(Patent interauricular septum might be difficult to exclude.) 

7. An absence of pulmonary disease. 

8. The absence of evidence of syphilis. 


It is suggested that a condition of idiopathic or essential pulmonary hyper- 
tension may exist as a cause for those findings. 
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Within recent years the belief that one ventricle may fail without coincident 
failure of the other has been steadily gaining ground against the older hypothesis 
of Mackenzie that the heart must always fail as a whole. Much recent work, 
in America and elsewhere, recently reviewed by Bedford (1939), has shown that 
hypertension and aortic valvular lesions can occasion a failure of the left 
ventricle with little or no failure of the right ventricle. The finding of pul- 
monary congestion and delay in the arm-to-tongue circulation time in patients 
showing a dilated failing heart in the absence of a rise of venous pressure 
is convincing support for this theory. 

Although separate failure of the right ventricle is innate possible, 
it has been discussed less and its application to the general problems of cardio- 
logy has often been too little emphasized. McGinn and White (1935) and 
White (1935) have shown that an acute failure of the right heart may be rapidly 
produced by pulmonary embolism. A dilated pulsating conus and gallop 
rhythm localized to the left second and third interspaces, with a rise in venous 
pressure, speak eloquently for a failure and dilatation of the right ventricle ; 
the left remaining normal. In the reports on the “‘ cor pulmonale ”’ there are 
many instances of chronic enlargement and failure of the right heart in the 
presence of a normal left ventricle. Rogers (1908-1909) and Clarke et a/. (1927) 
report cases in which the right ventricle was larger than the left, which was itself 
normal. 

The following case is presented as one that falls into this group and shows 
that the right ventricle may fail for a long time without any appreciable failure 
of the left side. 


CLINICAL COURSE 


A woman of 73 was quite well until four years before her death, when she 
noticed increasing dyspnea on exertion and swelling of the legs and abdomen. 
At her first admission to Addenbrooke’s Hospital she was cyanosed and showed 
gross cedema of the legs and sacral area, and a large abdomen which was 
distended with ascitic fluid. The cervical veins were engorged and the liver 
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was enlarged to three finger-breadths below the costal margin. Her heart, at 
this time, was not greatly enlarged, but there was some dullness to the right of 
the sternum. The pulmonary second sound was loud and slapping and there 
was a long, harsh systolic murmur in the mitral area. The rhythm was 
regular. 

She was re-admitted on nine occasions, on each of which the abdomen was 
tapped, sometimes several times. In between she was well enough to do a little 
light housework, such as sewing, peeling potatoes, or cooking. Although short 
of breath on slight exertion, the relative absence of dyspneea in comparison 
with the gross congestive failure was very striking ; on one occasion she was 
able to walk into the ward with three gallons of fluid in herabdomen. Although 
she preferred the sitting posture, she was not in a true sense orthopneeic, and, 
except when the ascites was extreme, was able to lie flat without dyspneea. 
During the whole time of observation, a period of some two years, she was 
deeply cyanosed and showed gross engorgement of the cervical veins. Although 
under continual treatment with mercurial diuretics, her edema and ascites per- 
sisted, and the ascites was only temporarily relieved by tapping of the abdomen. 

In the past she had been healthy and had never had rheumatic fever or chorea. 

On examination on many occasions during the last two years of her life she 
showed the following signs. 

She was emaciated and cyanosed, with many telangiectatic venules over 
the face, which was not unlike that of mitral stenosis. The cervical veins were 
engorged up to the level of the angles of the jaw and pulsated feebly ; they 
stood out as thick, knotted cords almost as thick as the little finger. CEdema 
and ascites were always present. 

The pulse was regular and of small volume : the blood pressure, 110/85 mm. 
On her first admission the left border of the heart seemed normal and there 
was some dullness to the right of the sternum. Later the apex moved out a 
little, but the dullness to the right of the sternum disappeared. The heart 
was never greatly enlarged to clinical examination. In the mitral area there 
was a loud, rough systolic murmur ; the pulmonary second sound was in- 
creased ; the aortic sounds were normal ; and there was a systolic murmur 
in the tricuspid area. There was no pulsus paradoxus, no systolic retraction, 
no Broadbent’s sign, nor any of the other signs attributable to an adherent 
pericardium. 

Throughout her illness the chest appeared to be clear except for occasional 
rales at the bases. There was no pleural effusion. 

On all her admissions the abdomen was tightly distended with fluid. The 
liver was greatly enlarged and was not tender to pressure apart from her first 
admission early in the disease; it appeared to be hard and smooth. The spleen 
could not be felt. The nervous system showed no abnormality. 

Radioscopy four months before her death showed some enlargement of 
all the chambers of the heart, most marked in the right ventricle and left auricle. 
Pulsation was rather feeble and pulmonary congestion was said to be slight. 

The electrocardiogram showed no abnormality apart from right ventricular 
preponderance. The circulation time (arm to tongue with suprachol) was 
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35 seconds. The Kahn reaction was negative. The levulose tolerance test 
showed moderate liver deficiency. 

Throughout the four years of her illness there was neither deterioration 
nor improvement ; she died suddenly for no apparent reason just after admission 
to hospital for tapping. 

In view of the constant engorgement of the neck veins and the anasarca, a 
clinical diagnosis of chronic right heart failure of unknown cause was made. 


AUTOPSY 

An autopsy showed acute failure supervening on chronic failure of a hyper- 
trophied right heart, and emphysema of the lungs. 

Heart.—This showed great hypertrophy of the right ventricle and right 
auricle. The left ventricle did not look hypertrophied. Before the fat was 
removed the total heart weight was 15 oz. (425 g.). Differential weighing after 
separation of the ventricles and removal of all fat (Herrmann and Wilson, 
method B, 1921-22) showed that the right ventricle weighed 107 g., the left 
127 g. This gave a left to right ventricular ratio of 1:19. Lewis (1913-1914) 
gives the normal average L/R ratio as 1-8, the limits of variation lying between 
1-47 and 2:06. Herrmann and Wilson consider anything below 1-50 or above 
2:20 as abnormal. 

The normal figures for the weights of left and right ventricles are shown in the 
table (after Lewis and Herrmann and Wilson). As both these authors weighed 
the septum separately in their series, the figures below have been obtained by 
adding one third of the septal weight to the weight of the right ventricle and 
two thirds to that of the left. 


Weight of Ventricles in Grammes 


Right Left 
Average (Herrmann and Wilson) es 51 91 
Average (Lewis) .. os me : 56 100 
Range (Lewis) .. = ne ns 36 to 80 74 to 141 
Present case “s es Ce am 107 127 


It will be seen that while the left ventricle may, at the most, have been slightly 
hypertrophied, its weight fell within the range of normal figures. 

The right ventricle was extremely hypertrophied and was responsible for 

nost of the increase in heart weight. The relationship between the size of the 
two ventricles is well seen in the coronal section of the heart shown in the 
figure on the next page. 

Microscopy of the myocardium showed that the fibres in the right 
ventricle were greatly thickened, while those in the left were normal. 
In spite of the patient’s age, atheroma was inconspicuous in the coronary 
arteries and aorta. On the other hand, there was severe atheroma in the 
pulmonary artery and its branches. Microscopy of the pulmonary arterioles 
slowed no abnormality and no obstruction. The valves and pericardium were 
normal. 
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Fic. 1.—Corona! section of the heart. Natural siz>. R: right ventride. L: left ventricle. 
Diameter of coin is One inch. 


Lungs.—These were small, generally congested, and very cedematous ; 
but this was probably terminal. There were emphysematous bulle along both 
anterior borders. Microscopically, the lungs showed a very fine, even emphy- 
sema, with edema, congestion, and phagocytosis of blood pigment. 

Abdominal Organs.—The liver showed fibrous thickening of the capsule, 
mainly over the antero-superior surface and the anterior border, with plaques of 
hyaline “* sugar icing ’’ which could be stripped from the underlying organ with 
moderate ease. Microscopically and macroscopically there was fibrous thicken- 
ing both of the portal systems and of the tissues around the central veins. The 
latter areas showed congestion. The hepatic fibrosis, well marked in all 
regions, showed its greatest intensity just beneath the capsule. The larger 
hepatic veins were widely patent and of quite abnormal cross-section. All 
were surrounded by a rim of fibrous thickening. 

The sugar icing was composed of hyaline fibrous tissue and lay outside the 
elastic fibres of the real capsule. It had evidently been laid down from outside. 
It is interesting that the changes in this liver were similar to those found in 
eight cases of constrictive pericarditis that came to autopsy (Day and Armstrong, 
1940). 

The peritoneal cavity contained several pints of clear yellowish-brown fluid. 
There was fibrous thickening with sugar icing all over the parietal peritoneum, 
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most marked anteriorly and less pronounced over the under-surface of the 
diaphragm. The spleen was congested and oedematous, with plaques of sugar 
icing on its surface. There was general fibrous thickening of the intestines, 
stomach, pancreas, and mesenteric and retro-peritoneal fatty tissues. 

There was gross induration and oedema of the subcutaneous tissues. The 
remaining organs were normal. 


DISCUSSION 


The view that this patient suffered from a failure of the heart restricted to 
the right ventricle is based on a variety of clinical and pathological observations. 
In the first place, she suffered from right ventricular failure for at least two years, 
during which time personal observation revealed gross engorgement of the neck 
veins. Her relative lack of dyspnoea and orthopneea, often in the face of gross 
ascites and cedema, is strong evidence against any material degree of pulmonary 
congestion caused by left ventricular failure. 

The pathological findings present even stronger evidence. The left ventricle 
was normal in weight and in the thickness of its walls. Practically all the 
increase in weight of the heart was due to the right ventricle, which weighed 
nearly as much as the left. The muscle fibres of the right ventricle were greatly 
hypertrophied ; those of the left ventricle were normal in thickness. The 
slight degree of atheroma in the thoracic aorta was in keeping with the clinical 
finding of a low systemic blood pressure ; the conspicuous amount of atheroma 
in the larger pulmonary arteries suggested that the pulmonary arterial pressure 
must have been greatly above the normal. The chronic cedematous and fibrous 
changes in the lower part of the body and the hepatic congestion and fibrosis 
of “* cardiac ’’ type are proof that, in addition to compensating hypertrophy, 
there had also been a long-continued failure of the right side of the heart. 

As in the cases reported by East (1940), the ultimate cause of the right ventric- 
ular failure remains obscure. There were no valvular lesions and no obstruc- 
tion or narrowing of the pulmonary arterioles. The atheroma in the larger 
branches of the pulmonary circuit was evidently the result and not the cause of 
the hypertension. This is in accordance with the views of Rosenthal (1930), 
who states that primary sclerosis of the pulmonary arteries affects the arterioles 
most and the larger branches least ; secondary atherosclerosis, as in mitral 
stenosis (and as in this case), affects principally the large branches and leaves the 
arterioles unimpaired. It is possible that the emphysema was the cause of 
the obstruction, but it is unlikely in view of the relative mildness of the dyspnoea 
during life. Moreover, according to Parkinson (1937), right heart failure, 
when caused by emphysema uncomplicated by cardiovascular disease, is present 
only in the terminal phase a short while before death. Persistent or recurrent 
heart failure in emphysema is nearly always the result of coincident cardiac 
disease. As the heart of this patient had been failing for at least two years, it is 
unlikely that emphysema was the cause. 

It is impossible to state whether pulmonary hypertension was the cause or 


the result of the right ventricular hypertrophy. Perhaps the most likely 
P 
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hypothesis is that a local rise of pressure occurred in the pulmonary arteries 
as a result of spasm or some other unknown factor that left no mark upon 
the final pathology of the lungs, and that such isolated pulmonary hypertension 
occasioned hypertrophy and later failure of the right ventricle. 

A survey of the papers on pulmonary arteriosclerosis, cor pulmonale, and 
the condition known as “ Ayerza’s syndrome ”’ leads one to the conclusion 
that in a proportion of these cases no pathological explanation has yet been 
found for the right ventricular failure. Many cases (Arrilaga, 1913 ; Ribierre 
and Geroux, 1921 ; Warthin, 1919 ; and Clarke et al., 1927) failed to show 
any arteriolar obstruction that could impede the pulmonary blood flow. 
Atheroma and medial degeneration of the larger arteries will not obstruct the 
flow owing to the relatively large size of the cross-section of these vessels : it 
is only when the lumen is relatively small that projections from its wall will 
cause obstruction. These cases showed atheroma and dilatation of the pul- 
monary arteries with normal arterioles, and in Warthin’s case (a syphilitic) the 
smallest pulmonary vessels and even the pulmonary veins were dilated. This 
observation would appear to exclude a primary obstruction in the vessels 
themselves. These cases are mentioned to emphasize that there are some on 
record that show right ventricular hypertrophy without any adequate path- 
ological explanation ; the clinical picture is, of course, quite different, for this 
patient was in no sense a “ black cardiac.”’ In the other cases of cor pulmonale 
a true endarteritis of the smaller vessels often accompanied by thrombosis 
(Rosenthal er a/., 1930) constitutes a real obstruction to the pulmonary circuit 
and would be expected to produce hypertension and hypertrophy of the right 
chambers of the heart. In a proportion of cases of cor pulmonale, however, 
it would seem that the pulmonary atheroma, as in the present case, was the 
result rather than the cause of the condition ; the exact etiology of the cardiac 
hypertrophy remaining unknown. 

Whatever the cause, it appears that in the case here reported the right heart 
failed alone, or at least greatly in excess of the left. Many other examples of 
preponderating right heart failure, but with a different symptomatology, are to 
be found in the papers mentioned. 

The interest in this case lies, in particular, in the chronicity of the disease and 
the long-continued failure of the heart with a rise of the venous pressure. It 
would seem that the absence of left ventricular failure and pulmonary congestion 
was the reason for the extreme chronicity, and that this was the deciding factor 
in prolonging life. In most cases the left ventricle precedes the right in failure, 
and when the right heart fails it is a more transitory condition, relieved by treat- 
ment unless the patient dies. A series of attacks of right heart failure is common, 
but in the intervals the right heart remains efficient and the venous pressure is 
not above normal. It is suggested that in the presence of a failing left ventricle, 
right ventricular failure is not compatible with life for more than a limited period 
of time. It is only when the burden of pulmonary congestion is absent, that is 
when the right ventricle fails alone or at least greatly in excess of the left, that 
congestive cardiac failure can continue almost indefinitely. This hypothesis 
is in keeping with the observation that many patients with rheumatic tricuspid 
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disease live for a quite disproportionate time if the severity of the valvular 
lesions and the degree of failure are taken into account. The extra valvular 
lesion protects the lungs from flooding and, in rationing the left ventricle with 
blood, wards off the failure of this chamber. The same syndrome of long- 
continued right heart failure with persistent ascites is seen occasionally when an 
enormous enlargement of the right heart has taken place ; I have seen several 
such cases, but no autopsy was obtainable and the exact anatomical diagnosis 
of the cardiac lesions remained in doubt. The same result is seen in constrictive 
pericarditis—perhaps the most chronic of all forms of congestive failure— 
although here the heart itself does not fail, but is prevented from doing its work 
by outside factors. It is, none the less, a failure of right-sided type without 
pulmonary congestion. In conformity with the above hypothesis there is 
an unremitting heart failure of long duration. The similarity between con- 
strictive pericarditis and the case recorded here hardly needs emphasis. 


CONCLUSION 


It is suggested, therefore, that the duration of the failure and its unremitting 
nature in this case were due to the right ventricle failing alone. The unusual 
pathological findings, the cardiac ‘cirrhosis’ of the liver, and the chronic 
indurative changes in the peritoneum, were probably an expression of the 
extreme chronicity of the disease, and are strictly comparable with the findings 
in constrictive pericarditis. 


. 


I am indebted to Dr. Leslie Cole for permission to publish this case. 
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Coarctation of the aorta, according to Evans (1933), was first described by 
Morgagni in 1760. Blackford (1928) cites Barié to the effect that the first case 
was recorded by Paris in 1791. Abbott (1928) wrote a comprehensive dis- 
cussion of 200 reported cases with autopsies, and estimated the statistical incid- 
ence of the various anatomical abnormalities. Blackford (1928) estimated 
the incidence of coarctation of the aorta as | in every 1550 autopsies, with the 
frequency in males twice as great as in females. 

The so-called adult and infantile types of coarctation were discussed by 
Parker and Dry (1938). In the former the constriction is localized abruptly in 
the region of the aortic isthmus ; the lumen may be completely closed, the 
collateral circulation is extensive, and a patent ductus is rare. The latter, on 
the other hand, is characterized by a diffuse constriction between the origin of 
the left subclavian artery and the attachment of a patent ductus arteriosus. 

Of the several theories advanced to account for the malformation, Black- 
ford’s (1928) seems the most reasonable. He explains it as due to the absence, 
atrophy, or imperfect development of the fourth left branchial arch. The 
various diagnostic features (Eisenberg, 1938 ; Dock, 1932; Ernstene and 
Robins, 1931 ; Ferris, 1935; East, 1932 ; Amberg, 1932 ; Woltman and 
Shelden, 1927 ; Deneke, 1925 ; and Hamilton and Abbott, 1928) are all illus- 
trated in our case, except that murmurs were absent over the intercostal vessels. 

It is apparently a rare form of the so-called adult type in which the localized 
constriction of the aorta lies at or just proximal to the origin of the left subclavian 
artery. Only 15 instances of this type seem to have been reported. Abbott 
(1928) discussed the post-mortem findings in 7 such cases and Parker and Dry 
(1938) reported another with a necropsy. King (1937) collected 10 additional 
clinical examples ; the reports of only 6 of these were available to us and 
only 3, in our opinion, fall into this classification. 

These cases differ from the usual type in that the left shoulder and arm are 
for the most part excluded from the distribution of high-pressure blood flow. 
Erosion of the ribs by enlarged intercostal arteries, which is often absent in the 
rare variety of coarctation, is confined to the right hemithorax. 
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DESCRIPTION OF THE CASE 

A Puerto Rican labourer, 32 years of age, was referred to the Charity 
Hospital of Louisiana at New Orleans for a determination of employability. 
When first seen (November 2, 1939) he stated that four years before, when he had 
a broken wrist, he had been told that he had high blood pressure and had been 
advised to do light work only. For the past 18 months palpitation and dizzi- 
ness had become progressively worse, and finally permitted only the easiest 
kind of work without discomfort. Dyspncea appeared only on marked 
exertion. Precordial pain had never been felt. There was no history of 
rheumatic or syphilitic infection. 

Examination showed a well-developed man of sthenic habitus, 157 cm. tall, 
and weighing 62-2 kg. The retinal arteries were tortuous and slightly com- 
pressed the veins at the arteriovenous crossings. The eye grounds as well as 
the lips and mucous membrane of the mouth showed a purplish cyanosis. Pro- 
nounced pulsation of both carotid arteries was present and also a synchronous 
bobbing of the head ; the tension was apparently equal and was increased 
above normal. The thyroid showed a moderate general enlargement without 
any nodules or bruit. Pulsation of the subclavian artery was palpable in the 
tight supraclavicular fossa and was both visible and palpable below the clavicle. 
“No corresponding pulsation was present in the left supraclavicular and infra- 
clavicular fosse. There was no visible or palpable pulsation in the supra- 
sternal notch and no venous distention was present. 

The apex beat was in the fifth space, 10 cm. from the midsternal line, and 
was well localized and forceful. The heart sounds at the apex were loud. The 
first sound was split, and a soft, blowing systolic murmur was present. The 
intensity of the second sound was moderately and equally increased in the aortic 
and pulmonary areas. A moderately loud, harsh systolic murmur in the aortic 
area was transmitted upward to the sternoclavicular joint and was not accom- 
panied by a thrill. The rhythm was regular and the rate 88 per minute. The 
blood pressure was 154/78 in the right arm, 98/78 in the left arm, 84/78 in the 
right leg, and 90/80 in the left leg. A distant soft systolic murmur in the right 
scapular region was thought to be transmitted from the aortic area. No puls- 
ations, murmurs, or thrills were detected over the intercostal vessels. The 
volume of the right radial pulse was considerably greater than that of the left. 
Compression of the left carotid artery failed to alter the character of the left 
radial pulse. There were no visible or palpable pulsations of the abdominal 
aorta. The pulsations of the femoral arteries were soft, equal, and synchronous. 
There was a distinct lag of these pulsations behind those of the right radial 
artery. They were synchronous, however, with those of the left radial artery. 
The pulsations of the posterior tibial and dorsalis pedis arteries were easily felt. 

The muscular development of the right shoulder and arm was abnormally 
heavy. The circumference of the right upper arm was 3 cm. larger than that 
of the left, and the impression of asymmetrical muscular development was thus 
confirmed. The other physical findings were normal. 

The red blood cell count was 5,500,000 per c.mm. and the hemoglobin was 
98 per cent. (Sahli). The urine and the renal output of phenolsulphonophtha- 
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lein were normal. The blood reactions for syphilis were negative. Radio- 
scopy of the chest in the postero-anterior, left and right oblique, and lateral 
diameters showed marked cardiac enlargement, chiefly the left ventricle and the 
left auricle. There was also moderate enlargement of the pulmonary conus. 
A small aortic knob could be seen. The inferior borders of the dorsal segments 
of the ribs of the right hemithorax were eroded (Fig. 1). Barium in the 





Fic. 1.—Radiogram, showing erosion of the ribs of the right hemithorax. 


cesophagus confirmed these findings. Several attempts to visualize the aortic 
arch by taking radiographs of the chest fellowing the injection of a 70 per cent. 
solution of diodrast into a large vein of the arm (Robb and Steinberg, 1939) 
were not very successful because of the abnormally small calibre of the deformed 
aortic segment (Fig. 2). Fig. 3, taken with a double string galvanometer of 
the Einthoven type, which recorded any two leads simultaneously, showed that 
the P-R interval was 0-16 sec. and the QRS duration 0-12 sec. The form of 
the curve indicated a complete left bundle branch block. From curves taken 
by pairing lead I, first with semidirect leads first over the right and then over the 
left ventricle, it was possible to determine (after the method of Wilson ef al., 












Fic. 2.—Second anterior oblique view showing the descending aorta beyond the stenotic 
region. Diodrast was used. 





A B 


Fic. 3.—(A) Leads I and II recorded simultaneously. (B) Leads I and III recorded simul- 
taneously. The standardizations, reading from above downwards and from right to left, 
are such that 1 mV. is equivalent to 1-0, 1-05, 1-1, and 1-25 cm., respectively. The small 

time division is 0-02 sec. 
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1932) that the accession wave arrived at the epicardial surface of the left ventricle 
0-04 sec. later than at the epicardial surface of the right ventricle. 


DISCUSSION 


The clinical picture in this case is considered typical enough to establish the 
diagnosis of coarctation of the aorta. The difficulty found in attempts at radio- 
graphic visualization of the aortic arch was taken as evidence that this region 
of the vessel was hypoplastic. The basal systolic murmur can be explained by 
a trigonoidation (Chisholm, 1937) of the aortic semilunar valves or, in the same 
dynamic sense, on the basis of a bicuspid aortic valve. The presence of a left 
bundle branch block is not surprising, for this tends to appear in the ventricle 
subjected to the greatest strain (Bayley, 1934). This case is apparently the first 
of the kind to be reported in which erosion of the ribs was present. As might 
be expected, the erosion was confined to the right hemithorax. 

Because of the striking difference in the volume of the radial pulse in the 
right as compared with that in the left arm, the rare variety should prove easier 
to differentiate from essential hypertension than the common variety of the 
adult type of coarctation. In both, the differentiation is important for thera- 
peutics and prognosis. Simultaneous palpation of the radial and femoral 
pulsations is probably the most convenient method of routinely excluding 
aortic coarctation ; it would, however, seem unwise to rely on this procedure 
alone. 
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In 1930 Wolff, Parkinson, and White described the occurrence of bundle 
branch block with a shortened P—R interval in persons with normal health, and 
subsequently other authors reported analogous cases. It has been generally 
assumed that no pathological significance, in the sense of a morbid affection of 
the cardiac muscle, should be ascribed to this electrocardiographic irregularity. 
A peculiarity noted by every observer, however, was that nearly all patients 
with this abnormality had at times either paroxysmal tachycardia or paroxysmal 
fibrillation or flutter. 

In a schizophrenic patient in whom the bundle branch block with shortened 
P-R interval had been found, a paroxysm of tachycardia was observed four 
times, each time after an intravenous administration of pentamethylene-tetrazol. 
Three of the attacks were recorded. 

A man, aged 43, was admitted to hospital in November 1937; he had been 
ill for half a year already with a diagnosis of schizophrenia. Physical examin- 
ation revealed no peculiarities, neither did the examinations of the blood and 
spinal fluid. The blood pressure was 130/80. Roentgenologically the heart 
proved to be of normal size. In March, 1938, the treatment of schizophrenia 
by the production of convulsions with pentamethylene-tetrazol was started. 
Nine complete convulsive seizures were produced after intravenous administra- 
tion of 5, 6, 7, or 8 c.c. of a 10 per cent. solution. The psychiatrist in charge 
did not observe any irregularity of the heart at the time; but after the first 
attack an increased pulse rate was noted (160 beats per minute). When, on 
May 3, I saw the patient, his pulse was still very high six hours after the tenth 
epileptic insult. The rate was not quite regular, and ranged between 160 and 
170 beats per minute. The frequency of the heart was 206 beats per minute 
and entirely regular. There were no signs of decompensation. A more 
detailed examination was rendered impossible through the patient’s negativism. 
The seizure was stopped through pressure on the eyeballs, the pulse rate falling 
to 82 beats per minute. The first cardiogram was taken the next day, and 
several others in the following months. Asarule, the P-R interval was shortened 
and QRS was widened with a negative T wave (see Fig. 2A): 
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Lead P-R Width of Total 
interval QRS (seconds) 
(seconds) (seconds) 
I 0-08 0-13 0-21 
Il 0-10 0-11 0-21 
Ill 0-12 0-08 0-20 


In each lead the P wave was positive and the T wave negative, while the ascending 
branch of the R wave always showed a notch. Occasionally alternating normal 
and abnormal complexes .(Fig. 1A) could be observed, whereas now and then 





Fic. 1.—Normal rhythm. Lead I shows alternating normal and abnormal complexes. 
Lead II shows normal complexes with a P-R interval of 0-15 sec. 


also normal complexes appeared persistently (Fig. 1B). In the normal com- 
plexes (lead II) the P-R interval amounted to 0-15 sec., the QRS width to 0-06, 
giving a total of 0-21 sec., which is the same as in the case of the abnormal 
complexes. In every one of them, however, the notch in the ascending branch 
of the R wave was noteworthy. 

The abnormal electrocardiogram did not show any change after subcutaneous 
injections of | mg. of atropine, nor after bodily exertion. 

In November, 1938, and in January and March, 1939, paroxysmal tachy- 
cardia was registered every time after intravenous administration of penta- 
methylene-tetrazol. As on the last occasion the insult of an attack was noted 
as well, and the electrocardiogram of that day is discussed below. The previous 
observations were similar. Fig. 2 was taken before the injection of 5 c.c. of a 
10 per cent. solution of pentamethylene-tetrazol. The rhythm was roughly 
90 beats per minute. After the injection at 11-16 no insult could be observed 
and only the cardiac rhythm had risen to about 106 beats per minute, the width 
of the QRS complex having fallen from 0-12 to 0-08-0-10 sec. After five 
minutes, 6 c.c. of a 10 per cent. solution were injected, which after twenty more 
seconds produced an insult with clonic and tonic cramps. Fig. 2B was taken as 
soon as possible. First two rapid beats were traced in succession. The P-R 
interval was 0-08-0-10 sec., the QRS width 0-08-0-10 sec., the T wave negative. 
After a pause a QRST complex of more normal type followed (QRS, 0-08 sec., 
T wave positive, but P-R interval (shortened to 0-10 sec.). After these there 
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followed ten abnormal complexes, the tracing of which had not been entirely 
regular. The frequency of the last five amounted to 108 beats per minute. 
After another pause a complex was registered that resembled the one before 
these ten complexes and showed a P-R interval of 0-12 sec. Directly afterwards 
there followed an attack of ventricular complexes in a rapid succession (Fig. 2C). 
The frequency was 250 beats per minute, the QRS width about 0-08 sec., the 
T wave and the P wave doubtful. Suddenly an alteration in the aspect of the 
complex was observed, although the rhythm remained the same (see arrow, 
Fig. 2C): with a slight change (see Fig. 2D, lead II, and the beginning of Fig. 4A) 
this form was stationary. 

The three leads (Fig. 2D) were registered during the paroxysm. The entire 
picture, especially the QRS complex, shows a great similarity to the pattern of 
the normal complexes which, for example, were to be seen after the end of the 
attack (Fig. 4D). Here too the notch in the R wave of II is striking (see arrow 
in lead II, Figs. 2D and 4D). The deviation is especially apparent in the ST 
interval, and is frequently observed with this disturbance (Scherf, 1937). P was 
nowhere to be recognized during the paroxysm (see Fig. 2D). 

As regards the stopping of the attacks, the first of May 1938 was immediately 
abolished through pressure on the eyeballs. This was repeated whenever 
convulsion had set in, but it appeared that pressure of the eyeballs was only 
successful a few hours after the injection of pentamethylene-tetrazol. Pressure 
of the ** carotid ” was always violently resisted by the patient. 

In Fig. 4A the first arrow indicates the moment at which the rhythm had 
become normal again. Initially, as is apparent from Figs. 4, A, B, and C, 
which link up with each other, the rhythm was irregular, viz.-first slow and then 
quicker, with a few pauses of longer duration (Fig. 4C), in all probability the 
outcome of sinus arrhythmia; the P-R interval, which was first 0-08 sec., 
subsequently rose to 0-14-0-15 sec. In all complexes except the first two, R 
showed a notch. Remarkable, moreover, is the gradual return to normality 
of the pathological aspect of S—T, as is apparent in the four successive arrows in 
Fig. 4A. One ventricular extrasystole was registered. 

The diagnosis made was paroxysmal auricular tachycardia. The sudden be- 
ginning and ending excluded sinus tachycardia, and flutter was highly improbable. 

There is one more electrocardiagram we should like to discuss (see Fig. 3). 
It was taken just after stopping an attack in November 1938. In addition to an 
irregular rhythm, caused chiefly by a sino-auricular block, there appeared at the 
end of the curve a very brief fibrillation-flutter (see arrow). 





Fic. 3.—Normal rhythm shortly after stopping a paroxysm on November 29, 1938. At first 
the irregularity seems to be due to sino-auricular block, but later (at the arrow) there is a 
short period of impure flutter or coarse fibrillation. 
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DISCUSSION 

The cardiographic findings in this case are similar to those recorded pre- 
viously. Here too, as indicated by Wolferth and Wood (1933), there could be 
observed the same interval from P to the end of the QRS complex both for the 
normal and abnormal complexes, and paroxysms of tachycardia with normal, 
non-widened ventricular complexes. 

This instance is mentioned because pentamethylene-tetrazol proved capable 
of producing these attacks. Several drugs have been described as provoking 
paroxysmal tachycardia, such as digitalis (Schwab, 1931), quinidine (Lewis, 
1921), adrenaline (Danielopolu, 1921), and atropine (Galli, 1918). The same 
was reported of pentamethylene-tetrazol ever since this drug was injected intra- 
venously in doses of 0-3 to 0:8 g., as is usually the case when applying von 
Meduna’s treatment. These attacks, which set in immediately after the insult, are 
of short duration (Géraudel, 1938) in most cases, the same as the irregularities 
observed, such as P, S—T, and T alterations and extrasystoles, block, etc. The 
longer duration of the attacks in the patient under consideration should be 
explained from the fact that he was predestined for such attacks, just as other 
patients with shortened P-R interval and bundle branch block. 

Paroxysmal tachycardia may be caused—among other things—by the 
occurrence of an accelerans-impulse in connection with a sensitizing factor in the 
heart. Rothberger and Winterberg (1911) succeeded in obtaining this through 
injections of barium chloride into the cardiac muscle. In patients with 
shortened P-R interval and bundled branch block, however, this sensitizing 
factor is already present. As for the impulse from the accelerans nerve, the 
intravenous injection of pentamethylene-tetrazol nearly always gives rise to an 
accelerated rhythm of the heart even before the insult has been produced. 
Also in the case of our own patient, this acceleration could be noted (see Fig. 2). 

Pentamethylene-tetrazol, therefore, if administered in the above quantity and 
manner was observed to produce the attack; in this patient, however, it appeared 
to be impossible to obtain the same result through an accelerated rhythm of 
the heart—100 and 110 beats per minute respectively—caused by bodily 
exertion or a subcutaneous injection of 1 mg. of adrenaline. Thus it ensues 
that, in all probability, the effect of pentamethylene-tetrazol should not be 
ascribed to the accelerans impulse exclusively. 

As regards the pharmacological action of pentamethylene-tetrazol Hilde- 
brandt (1937) stakes that as a result of the stimulation of the vasomotor centre 
the vagus centre is being stimulated as well. Camp (1928) demonstrated that 
pentamethylene-tetrazol in its effect on the autonomous centres of the brain is 
both a sympathetic and a parasympathetic stimulant. In view of the fact that 
Rothberger and Winterberg (1911) succeeded in developing paroxysmal tachy- 
cardia through electrical stimulation of vagus and sympathetic, it seems likely 
that the origin of such attacks after pentamethylene-tetrazol is to be found in a 
similar mechanism of stimulating vagus and sympathetic nerves. Lohr (1936) 
also accounted for the influence of adrenaline on the development of paroxysmal 
tachycardia in her experiments through a joint vagotonic and svmpatheticotonic 
action. 
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We were unable to ascertain which is the mechanism concerned in the 
bringing about of spontaneous attacks in patients with shortened P-R interval 
and bundle branch block. Our patient developed an attack two days after the 
last insult without any medication. According to the family, he had never 
before suffered from any attack. 

In the above we have limited ourselves to the discussion of the extracardiac 
influence of pentamethylene-tetrazol on the origin of these attacks. Nevertheless 
it is not improbable that the administration of much pentamethylene-tetrazol 
intravenously in reality does cause a lesion of the cardiac muscle. The irreg- 
ularities observed by Géraudel (1938), Hoogerwerf and Jelerama (1938), and 
Forschbach (1939) point in this direction. 


SUMMARY 


In a patient suffering from schizophrenia, whose electrocardiogram showed 
a shortened P-R interval and a bundle branch block on four occasions, each 
time after an intravenous dose of 5.6 c.c. of 10 per cent. pentamethylene- 
tetrazol, an attack of paroxysmal tachycardia was observed, which after a 
few hours could be abolished by pressure on the eyeballs. 

In connection with some further observations in this patient the probable 
explanation of the genesis of these attacks is discussed. 
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OF MICE AND MEN 


The following typical clinical observation seems to make the 
results of recent experiments on mice and other animals irrelevant : 





** The most useful and reliable drug up to date, particularly where 
barbiturates are concerned, despite the apparently conclusive 
arguments cited to prove its chemical and physiological inactivity, 
seems to be (CORAMINE) In practice it can almost be guaranteed 
to make a patient, depressed by a barbiturate, wake up enough to 
require restraint to prevent him falling off the table. It does, 
however, need to be given in sufficient dosage (5 c.cm. or more) 


and direct into the circulation.” 
BRIT. MED. f. (1940) 1, 123. 
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